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(54)rifle: CONSTITUTTVE AND INDUCIBLE EPIDERMAL VECTOR SYSTEMS 
(57) Abstract 

A loricrin constitutive vector for efficient expression of a nucleic acid sequence in epidermal cells comprising the 5' flanlc- 
!r/Jln°° -^^ "f """"f containing a TATA box, a cap site and a first intron and intron/exon boun- 

dary all m appropriate sequential and positional relationship for expression of a nucleic add cass^e, a 3' flanking sequence of 
Oie loncnn gene and a hnkw containing a unique restriction endonuclease site at the location of the start and stop codon Said 
Imker connecting the 5' flankmg region to the 3' flanking sequence and said linker further providing a position for inserting the 
cassette. The cassette contains the specific nucleic add sequence to be expressed. Also, there is a keratin K6 indudble vector for 
regulatmg expnssion of a nudeic aad sequence in epidermal cells comprising the 5' Hanking region of the keratin K6 gene, said 
nanking region mcluding the TATA box, a cap site and the first infron and intion/exon boundary all in sequential and positional 
relationship for expression of a nucleic acid cassette, a 3' flanking sequence of the keratin K6 gene, and a polylinker having a plu- 
rality of restriction endonuclease sites. The polylinker connects the 5' flanking region to the 3' flanking sequence and further pro- 
vides a position for insertion of the cassette. The keratin K6 and loricrin vectors can be further regulated by the addition of a Vi- 
tamin D regulatory element. The vectors can be used in a bioreactor for generating a variety of products including proteins 
polypepttdes or antisense RNAs. Hie vectors can also be used for gene therapy in treatment of a variety of diseases in animals 
and humans including wound healing, surgical indsions, skin ulcers, psoriasis and skm cancer, and in vaccination. 
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coNsnnravE AND inducible epideemal vector systems 

The invention was partiaUy supported by a grant from the United 
States government under AR40240 awarded by the National Institutes of 
Health. The government has certain rights in this mvention. 

FIELD OF T HE INVRWTTnM 
The present invention relates generally to expression vectors for use 
in expressing proteins and polypeptides in epidermal cells. More 
particularly it relates to a constitutive vector consisting of the loricrin 
gene promoter, its 6' flanking region, its 5' transcribed but untranslated 
region, its intron, its 3' transcribed but untranslated region, its 
contiguous nonnjoding DNA containing the gene's natural transcriptional 
termination region and its 3' flanking region. It further relates to an 
inducible vector consisting of the K6 keratin gene promoter, its 5' 
flanking region, its 5' transcribed but untranslated region, its first intron, 
its 3' transcribed but untranslated region, its contiguous non-coding DNA 
containing the gene's natural transcriptional termination region and its 
3' flanking region. Additionally it relates to the treatment of disease 
25 using the constitutive and inducible vectors. 

BACKGROTTND OF THF. TWVieTypny 
The skin is the largest organ in the human body and, due to its 
accessibiUty, it is an attractive target for gene therapy. The outer layer 
30 of the skin is caUed the epidermis, and it is particularly attractive since 
epidermal cells can be grown in vitro from normal and affected patients. 
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are easfly transformed genetically by vectors, and can be readily 
reintroduced by autografting. Previous studies investigating the feasibility 
of using epidermal cells for gene therapy have only considered this ex vivo 
approach. These investigations utilized retroviral vectors and their 
5 promoters to introduce and espress foreign genetic material in epidermal 
ceUs. Even though the epidermis is ayascular, these studies demonstrated 
that proteins expressed in the epidermis were able to traverse the 
epidermal^dermalbamer and achieve systemic distribution (Morgan et al., 
Science^ Vol. 237, pp. 1476-1479, (1987)fFei^ve5 et al., PNAS USA, VoL 
10 86, pp. 8803-8807, (1989); Garlick et al., J. Invest. Dermatol, VoL 97, pp, 
824-829, (1991)). The accessibility of the epidermis makes it suitable for 
other routes of vector delivery that do not require an ex vivo approach, 
e.g.^ a gene gun'^(Sanford et al., Techniques, Vol. 3, pp. 3-16, (1991); 
Williams et al., PNAS USA, VoL 88, pp. 2726-2730, (1991); Johnstone et 
15 al., In Vitro CeE Dev. BioL, VoL 27, pp. 11-14, (1991)). In addition, novel 
vector systems derived from genes normally expressed at high levels in 
epidermal cells, could prove optimal for achieving efficient, as well as 
regulated, expression of exogenous DNA. Thase vector systems are the 
subject of this invention. 
20 The epidermis is a continuously regenerating stratified squamous 

epithelium. Differentiated epidermal ceUsaretheprogeny of proliferative 
cells located in the basal cell layer and there is siibstantial evidence 
suggesting^ that the regeneration process occurs in proliferative units 
composed of slowly cycling,, self-renewing stem cells, proliferative but non- 
25 renewing^ transit amplifying celky and post-mitotic maturing epidermal 
cells aversen, et aL, Cfell Tissue Kinet, VoL 1, pp. 351-367, (1968); 
MacKenzie, et al.. Nature, VoL 226, pp. 653-655, (1970) j Christophers, et 
al., J. Invest Dermatol.,. VoL 56, pp. 165-170, (1971); Potten, In Stem : 
Cells: Their Identification and Characterization, pp. 200-232, (1983); 
30 Cotsarelis, et al., CeU, VoL 61, pp. 1329-1337, (1990)). . The maturation 



process (tcnninal differentiation) is initiated when epidermal cells 
withdraw from the cell qrcle and migrate from the basal layer into the 
spinous layer. Maturation continues as spinous cells migrate into the 
granular layer and terminates with the formation of the stratum corneum. 
Morphological and biochemical studies have shown that terminal 
differentiation occurs in stagira. (Matoltsy, J. Invest. Dermatol., Vol. 65, 
pp. 127-142, (1975)). Keratins K5 and K14 are miuor products of basal 
epidermal cells (Woodcock-Mitchell, et aL, J. Cell Biol., Vol. 95, pp. 680- 
588, (1982)). These proteins assemble into 10 nm filaments (intermediate 
fUaments [IF]) and, together with microtubules (tubulin) and 
microfilaments (actin), comprise the cytoskeleton of epidermal cells 
(Steinert, P.M., et al., Cell, Vol 42, pp. 411-4i9, (1986)). One of the 
earliest changes associated with the commitment to differentiation and 
migration into the spinous layer is the induction of another 
differentiation-specific pair of keratins (Kl and KIO). IF containing Kl 
and KIO replace those containing K5 and K14 as the m^or products of 
cells in the spinous layer (Woodcock-Mitchell, et al., J. Cell Biol., Vol. 95, 
pp. 580-588, (1982); Roop, et al., Proc. NatL Acad. Sci., USA, Vol. 80, pp. 
716-720, (1983); Schweizer, et al, Cell. Vol. 37, pp. 159-170, (1984)). The 
keratin IF formed by these proteins assemble into bundles. In the 
granular layer, another high molecular weight non-IF protein is 
^tbesized, which is processed into filaggrin, and is thought to promote 
keratin filament aggregation and disulfide-bond formation (Dale, B A, et 
aL, Nature, VoL 276, pp. 729-731, (1978); Harding, C.R., et al., J. Mol. 
BioL, VoL 170, pp. 651-673, (1983)). In the final stage of epidermal ceU 
maturation, transglutaminase catalyzes the crosslinking of involucrin and 
loricrin, by the formation of (y-giutamyl) lysine isopeptides, into a highly 
insoluble comified envel pe which ia located just beneath the plasma 
membrane (Rice and Green, Cell, VoL 11, pp. 417-422, (1977); Mehrel, et 
al., CeU, VoL 61, pp. 1103-1112, (1990)). 
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Genes or cDNAs encoding the tos^qt keratins expressed in 
epidermal cells have now been clonedr K5 (Lersch, et al., Mol. and Cell 
Biol., Vol. 8, pp. 486-493, (1988), K14 (Marchuk, et al., Proc. Natl. Acad. 
Sci, USA, Vol. 82, pp. 1609-1613, (1985); Knapp, et al., J. Biol. Chem, Vol. 
5 262, pp. 938-945, (1987); Roop, et al.. Cancer Res., Vol. 48, pp. 3245-3252, 
(1988), Kl (Steinert, et aL, J. Biol. Chem., Vol. 260, pp. 7142-7149, (1985) 
and KIO (Krieg, et aL, J. Biol. Chem., Vol 260, pp. 5867-5870, (1985)). 
Northern blot analysis and in situ hybridization studies suggest that 
keralan genes K3 and K14 are predominantly transcribed in the 

10 proliferatingbasallajrer and transcription ofkeratin genes Kl and KIO 
induced as cells migrate into the spinous layer (Lersch, et aL, MoL and 
CeU BioL, VoL 8, pp. 486-493, (1988); IQiapp, et al., J. Biol. Chem, Vol. 
262, pp. 938-945, (1987); Roop, et al., Cancer Res., VoL 48, pp. 3245-3252, 
(1988)). Genes encoding rat (Haydock, et al., J. Biol. Chem., VoL 2&1, pp. 

15 12520-12525, (1986)) and mouse (Rothnagel, et aL, J. BioL Chem., VoL 
262, pp. 15643-15648, (1987)) filaggrih have now been identified and in 
situ hybridization experiments have confirmed that transcription of this 
gene is restricted to the granular layer (Rothnagel, et al, J. BioL Chem., 
VoL 262, pp. 15643-15648, (1987); Fisher, et aL J. Invest. DermatoL, VoL 

20 88, pp. 661-664» (1987)). To date, loricrin is the on^y gene encoding a 
component of the comified envelope to be studied at tiie molecular level 
by in- situ hybridization and transcripts of this gene are restricted to the 
granular layer (Mehrel, et aL, CeHtk VoL 61, pp. 1103-1112, (1990)). 

Since &e genes encoding the structured proteins described above 

25 are e^ressed at very high levels, i;e. their individual transcripts represent 
5-10% of the total messenger RNA in epidermal cells, their regulatoiy 
regions could be utilized in the construction of vectors to direct efficient 
expression of exogenous PNA in ^idermal cells. In particular, efforts 
have focused on the gene encoding loricrin, a major keratinojyte cell 

30 envelope protein (Mehrel et al.. Cell, VoL 61, pp, 1103-1112, (1990)). 



Although this gene is normally only expressed in the most differentiated 
layers of the epidermis, the present mvention demonstrates that it 
possible to remove sequences that normally restrict expression of the 
loricrin gene in undifferentiated cells and achieve high levels of expression 
in undifferentiated epidermal cells (greater than the viral promoter of 
SV40). Thus, this vector is constitutively expressed in epidermal cells at 
all differentiation states. 

In addition to the constitutive vector, the present invention takes 
advantage of the ratpreasion characteristics of another gene encoding the 
K6 keratin to construct an inducible vector. The K6 gene is normally 
never expressed in the epidermis, but it can be induced imder 
iQ^erproliferative conditions such as wound healing (Weiss, et aL, J. Cell 
BioL, Vol. 98, pp. 1397-1406, (1984); Nakazawa, et al., J. Cell BioL, Vol. 
103, pp. 561a, (1986); Stoler, et aL, J. Cell Biol., Vol. 107, pp. 427-446, 
(1988) and topical application of retinoic acid (Rosenthal et al., J. Invest. 
Dermatol, Vol. 95, pp. 610-515, (1990)). 

STTMMAHY OF THR TOVl^^KPrfnyf 

An object of the present invention ia a loricrin constitutive vector 
for efficient expression of nucleic acid sequences in epidermal cells. 

An additional object of the present invention is a keratin K6 
inducible vector for regulated expression of nucleic acid sequences in 
epidermal cells. 

Another object of the present invention is an in vivo method of 
transducing epidermal cells with a constitutive or inducible vector. 

A further object of the present invention is a bioreactor for 
producing proteins and poi^ptides. 

An additional object of the present invention is an enhanced method 
of wound healing or healing of surgical incisions. 
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Another object of the present invention is a method of treating skin 

ulcers. 

An additional object of the present invention is a method of treating 
psoriasis. 

5 A further object of the present invention is a method of treating 

cancer. 

Thus, in accomplishing the foregoing objects, there is provided in 
accorc^ce with one aspect of the present invention, a loricrin constitutive 
vector for efficient e3q)ression of nucleic acid sequences in epidermal cells, 

10 comprising a 5' flankin g region of the loricrin gene, said flanking region 
including a TATA box^ a cap site and a first intron and an intron/exon 
boundaiyv ^ appropriate sequential and positional relationship for 
OTpression of a nucleic acid cassette; a 3' flanking sequence of the loricrin 
gene; and a linker having a unique restriction endonuclease site at the 

15 location of the start and stop codon, said linker coxmecting the 5' flanking 
region to the 3' flanking sequence and said linker further providing a 
position for inserting the nucleic acid cassette which includes the specific 
nucleic acid sequence to be expressed. 

In specific embodiments of the present invention, the loricrin 

20 constitutive vector has a 5' flanking region of approximately 1.5 kb, an 
inixon of approximately LI kb and a 3' flanking sequence of 
approximate 2.1 kb. In specific embodiments of the present invention, 
the loricrin constitutive vector also includes a po^-linker. 

An alternative embodiment of the present invention is a keratin K6 

25 inducible vector for regulated es^ression of a nucleic acid sequence in 
epidermal cells, comprising a 5^ flanking region of the keratin K6 gene, 
said flanking region including a TATA box, a cap site, a first intron and 
an intron/exon boimdiaiy, all in sequential and positional relationship for 
expression of a nucleic acid cassette; a 3' flanking sequence of the keratin 

30 K6 ^ne; and a poly-linker having a pluraUty of restriction endonuclease 
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sites, said poly-linker connecting the 5' flanking region to the 3' flanking 
sequence and further providing a position for insertion of the nucleic acid 
cassette which includes the specific nucleic acid sequence to be expressed. 

In specific embodiments of the present invention, the keratin K6 
inducaie vector, 5' flanking region of approximately 8.0 kb, an intron and 
intron/exon boundaiy of approximately 0.56 kb and the 3' fl«nHn g 
sequence of approximately 1.2 kb. 

In the present invention, the restriction endonuclease sites in the 
linker or poly-linker are selected from the group consisting of Cla I, Not 
I, Xma I, Bgl n, Pac I, Xho I, Nhe I and Sfi I. 

In one embodiment of the present invention, the nucleic acid 
cassette, of the constitutive or inducible vectors, contains a sequence 
coding for a protein, polypeptide or antisense RNA. 

In specific embodiments of the present invention, there is a 
bioreactor comprising transduced epidermal cells including either the 
loricrin constitutive or keratin K6 inducible vectors. The bioreactor can 
produce a variety of compounds selected from proteins, polypeptides, 
antisense RNA. 

Jn specific embodiments of the present invention, the loricrin 
constitutive or keratin K6 inducible vectors are used for the treatment of 
wounds, surgical incisions, psoriasis, skin ulcers and cancer. 

The method of the present invention can also be used for 
vaccination by transducing epidermal cells with a loricrin constitutive or 
keratin K6 inducible vector having proteins or polypeptides which induce 
an immunological rei^nse. 

Another embodiment of the present invention is the nucleotide 
sequences for the loricrin gene and loricrin constitutive vector. 

Another embodiment of the present invention is the nucleotide 
sequences for the keratin K6 gene and keratin K6 inducible vector. 
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Other and further objects, features and advantages will be apparent 
from the following description of the presently preferred embodiments of 
invention which are given for tiie purposes of disclosure when taken in 
coiyunction with the accompanying drawings, 

5 

Figure 1 is a schematic drawing of the mouse loricrin gene and the 
constitutive epidermal vector derived from its regulatory sequences. 

Figure 2 shows the expression characteristics of the constitutive 
10 epidermal vector in undifferentiated and differentiated epidermal cells 
utilizing a reporter gene encoding chloramphenicol acetyl transferase 
(CAT). 

Figure 3 shows the ea^ression characteristics of the consititutive 
epidermal vector in vivo utilizing a reporter gene encoding E. coll 
15 9-galactosidase. 

Figure 4 demonstrates the suppression by Vitamin D, of a novel 
negative regulatory element from the human Kl keratin gene (HK1.NRE). 

Figure 5 is a schematic representative of the constitutive epidermal 
vector which can be suppressed by Vitamin D, via insertion of the 
20 HK1.NEE. 

Figure 6 is a schematic drawing of a derivative of the mouse E6 
keratin gene (BCM.MK6(A)-HK1). 

Figure 7 shows the es^ression characteristics of BCM-MK6(A}-HK1 
in transgenic animals. 
25 Figure 8 is a schematic drawing of the mouse K6 keratin gene and 

the proposed construction of an inducible epidermal vector from its 
regulatory sequences. 

Figure 9 is a schematic representative of the inducible epidermal 
vector which can be suppressed by Vitamin Dj via insertion of HK1.NRE- 
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The drawingB are not necessarily to scale, and certain features of 
the invention may be exaggerated in scale and shown in schematic form 
in the interest of clarity and concisenMs. 

DETAn.Rn nESGRTimn^ n p the TOWw^inxf 
It will be readily apparent to one skilled in the art that varying 
substitutions and modifications may be made to the invention disclosed 
herein without departing from the scope and spirit of the invention. 

The term "transformed" as used herein refers to the process or 
mechanism of inducing changes in the characteristics (expressed 
phenotype) of a cell by the mechanism of gene transfer whereby DNA is 
introduced into a cell in a form where it expresses a specific gene product 
or alters esqiression of endogenous gene products. 

The term "transduction" as used herein refers to the process of 
15 introducing a DNA expression vector into a cell. Various methods of 
transduction are possible, including microinjection, CaPO,, Hpofection 
(lysosome fusion), use of a gene gun and DNA vector transporter. 

The loricrin constitutive vector and the keratin K6 inducible vector 
can be transduced into the squamous epithelia cells by any of the variety 
of ways described above. The types of epithelia cells mclude epidermis, 
oral, esophageal, vaginal, tracheal, corneal and other squamous epitheUa. 
They are transduced by contacting the vector with the cells. In the 
preferred embodiment this includes using a gene gun or DNA vector 
transporter. 

The term "DNA vector transporter" as used herein refers to those 
molecules which bind to DNA vectors and are capable of being taken up 
by epidermal cells. DNA transporter is a molecular complex capable of 
non-covalent binding to DNA and efficiently transporting the DNA 
through the cell membrane. Although not necessary, it is preferable that 
the transporter also transport the DNA through the nuclear membrane. 



20 



25 
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The term "nucleic acid cassette" as used herein refers to the genetic 
material of interest which can etpress a protein polypeptide or RNA and 
which is capable of being incorporated into the epidermal cells. The 
nucleic acid cassette is positionally and sequentially oriented within the 
5 keratin K6 inducible vector or the loricrin constitutive vector such that 
the nucleic acid in the cassette can be transcribed into RNA or antisense 
RNA and, when necessary, translated into proteins or polypeptides in the 
transformed epidermal ceUs. A variety of proteins and polypeptides can 
be expressed by the sequence in the nucleic acid cassette in the 

10 transformed epidermal cells. These proteins or polypeptides which can be 
expressed include hormones, growth factors, enzymes, clotting factors, 
apolipoproteins, receptors, drugs, tumor antigens, vfral antigens, parasitic 
antigens and bacterial antigens, SpecijBc examples of these compoxmds 
include proinsulin, insulin, growtJi hormone, insulin-like growth factor I, 

15 insulin-like growth factor II, insulin growth factor binding protein, 
epidermal growth factor TGF-a, dermal growth factor PDGF, angiogenesis 
factors, e.&, acid fibroblast growth factor, basic fBbroblast growth factor 
and angiogenin for instance, matrix proteins such, as Type TV collagen, 
T^e Vn collagen, Ifiminin and proteins from viral, bacterial and parasitic 

20 organisms which can be used to induce immunologic response. 

The genetic material which is incorporated into the epidermal cells 
using the loricrin constitutive vector or the keratin K6 inducible vector 
includes DNA not normally found in epidermal cells, DNA which is 
normally found in epidermal cells but not expressed at physiological 

25 significant levels, DNA normally fi}imd in epidermal cells and normally 
expressed at physiological desired levels, any other DNA which can be 
modified for expression in epidermal cells, and any combination of the 
above. 

The term '1 ricrin constitutive vector" as used herein refers to a 
30 vector which can be inserted into epidermal ceils and which once inserted. 
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will express a constitutive (t.e., a constant level) of protein, polypeptide or 
antisense RNA from the nucleic acid cassette which is part of the loricrin 
constitutive vector. The loricrin constitutive vector is used for efficient 
expression of a nucleic acid sequence in epidermal cells and is comprised 
of a 5' flanking region of the loricrin gene, said flanking region including 
a TATA box, a cap site and a first intron and an intron/exon boundary all 
in appropriate sequential and positional relationship for expression of a 
nucleic acid cassette; a 3' flanking sequence of the loricrin gene; and a 
linker having a unique restriction endonuclease site at the location of the 
start and stop codon, said linker connecting the 5' flanking region to the 
3* flanking sequence and said linker further providing a position for 
inserting the nucleic acid cassette. 

The sequence for the loricrin gene which is used for preparing the 
loricrin constitutive vector is shown in SEQ. ID No. 1. The loricrin 
constitutive vector has a 5' flanking region comprising nucleotides 1 to 
1540 of SEQ. ID. No. 1; an intron and intron/exon boundaiy comprising 
nucleotides 1587 to 2677 of SEQ. ID. No. 1, a 3' flanking region 
comprising nucleotides 4384 to 6530 of SEQ. ID. No. 1; and a Unker to be 
inserted at the imique Cla I site at nucleotides 2700 to 2705 of SEQ. ID. 
No. 2. The loricrin constitutive vector has a 5' flanking region of 
approximately 1.5 kb, an intron of approximately 1.1 kb and a 3' flflnlgpg 
sequence of approximately 2.1 kb. The linker of the loricrin constitutive 
vector can be a poly-linker. The poly-linker includes a plurality of 
restriction endonuclease sites. 

The term "keratin KB inducible vector" as used herein is a vector 
which is useful for regulated e3q>ression of a nucleic add sequence in 
epidermal cells. The keratin K6 inducible vector comprises a 5' flanking 
region of the keratin K6 gene, said flanking region including a TATA box, 
a cap site, a first intron and an intr n/exon boimdaiy all in sequential and 
positional r lati nship for the expression of a nucleic acid cassette; a 3' 
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fliankinff sequence of akeratin K6 gene; and a poly-linker. The poty-Iinker 
includes a plurality of restriction endonuclease siteSj connects the 5' 
flanking region to the 3' flanking sequence and further provides a 
position for insertion of the nucleic acid cassette. 

The partial sequence for the keratin K6 gene which is used for 
preparing the keratin K6 inducible vector is shown in schematic form in 
Figure 8 and the sequence is shown in SEQ. ID No. 3. The keratin 
inducible vector has a 5' flanking region which extends from a unique 5' 
Xhol site up to nucleotide 360 of SEQ. ID. No. 3; an intron and 
intron/exonboundaiycomprisingnucleotides 928 to 14&4 of SEQ. ID. No. 
3; a 3' flanking region which- extends from nucleotide 4740 of SEQ. ID. 
No. 3 to a unique 3' Xho I site? and a poly linker inserted between 
nucleotides 1504 to 1509 of SEQ. ID. No. 3. 

The keratin K6 inducible vector has a 5' flanking region of 
approximately 8.0 kb, an intron and intron/exon boundary of 
approximately 0.56 kb and a 3' flankingsequence of approximately 1.2 kb. 
The restriction endonuclease sites found in tiie linker and poly-linker of 
the loricrin and keratin K6 vectors can be any restriction endonucleases 
which will allow Insertion of the nucleic acid cassette. In the preferred 
embodiment they are usually selected from the group consisting of Cla I, 
Not I, Xma I, Bgl n, PacI, Xho I Nhe I and Sfi I. 

One skilled in the art will readily recognize that there are a variety 
of w^ to introduce the loricrin constitutive vector or the keratin K6 
inducible vector into epidermal cells. The vectors can be inserted either 
in viva or ex vivo. The mode of insertion will, to a certain degree, 
determine the available method^ for tiie insertion. 

One embodiment ofthe present invention includes a bioreactor. A 
bioreactor is comprised of transformed epidermal cells which contain the 
loricrin constitutive vector or contain the keratin K6 inducible vector. 
Once the vector is inserted in the epidermal cells, the epidermal cells vwll 
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express th6 nucleic cassette and produce the protein, polypeptide or 
antisense RNA of interest This can be done either in vivo or ex vivo. 
Any compound which can be encoded in, and expressed by, the nucleic acid 
cassette can be produced by the bioreactor. 
5 One method for ex vivo introduction of the loricrin constitutive 

vector or the keratin K6 inducible vector into epidermal cells includes a 
cotransfection of the vector with a selectable marker. The selectable 
marker is used to select those cells which have become transformed. The 
cells can then be used in any of the methods described in the present 

10 invention. 

One specific embodiment of the present invention is a method for 
the enhanced healing of a wound or surgical incision. This method 
comprises the in vivo transduction of epidermal cells with a loricrin 
constitutive vector or a keratin K6 inducible vector. In either case, the 

15 nucleic acid cassette of said vector contains a nucleic acid sequence for a 
growth factor. 

In the preferred embodiment for the treatment of wounds or 
surgical incisions, a plurality of vectors are introduced into the epidermal 
cells. In the plurality of vectors, the cassette of at least one vector 

20 contains a nucleic acid sequence for an epidermal growth factor (TGF-a), 
the cassette of at least one vector contains a dermal growth factor 
(PDGF), a cassette of at least one vector contains a nucleic acid sequence 
for a matrix protein to anchor the epidermis to the dermis, and a cassette 
of at least one vector contains a nucleic acid sequence for an angiogenesis 

25 factor. The sequence for nuitriz proteins can be selected from any 
sequences useful for the anchoring of the epidermis to the dermis but are 
usually selected from the group consisting of Type IV collagen, laminin, 
nidogen, and T^^pe Vn collagen. The angiogenesis factor is usually 
selected from the group c nsisting of acid fibroblast growth factor, basic 

30 fibroblast gr wth factor and angiogenin. The combination of the vectors 
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provides aU of the necessaiy elements for quick and rapid enhancement 
of healing of wounds or surgical incisions. This procedure is veiy helpful 
in the case of plastic or reconstructive surgeiy. Furthermore, skin ulcers 
can be treated by foUowing similar procedures as described for wound 
5 healing or surgical incision, These procedures are useful in animals and 
humans. . 

In the cx uiyo approach for treating or healing wounds, surgical 
incisions and skin lesions, the vectors are first transduced into the 
epidermal cells ex vioo. The transformed epidermal cells are transplanted 

10 onto the animal or human to be treated. 

Anotiier embodiment of the present invention is a method for 
treatingpsoriasis. la this method, epidermal cells are transduced in wuo 
with a loricrin constitutive vector or a keratin K6 inducible vector. A 
nucleic acid cassette in said vector contains a nucleic add sequence for a 

15 protein or po^ptide selected from the group consisting of TGF-p, a 
soluble form of (cytokine receptor, and an antisense RNA. The cytokine 
receptor can be selected from the group consisting of II^I, IL-6 and IL-8, 
The antisense RNA sequence is selected from the group consisting of 
TGF-a, IL-l, IL-e and UrS. 

20 embodiment ofthe present invention there is a method 

of treating cancer. This method comprises the steps of in vivo 
transduction of epidermal cells with a loricrin constitutive vector or a 
keratin K6 inducible vector into epidermal cella. The nucleic acid cassette 
of either vector contains the nucleic add sequence coding for antisense 

25 RNA for the E6 or E7 gene of the human p^iUoma virus or coding for 
the normal p53 protein. Although the example given is for skin cancer, 
this same approach is used for cancers occurring in other squamous 
epithelial, since the constitutive and indudble vectors wiU also fimrtion m 
&ese tissue types. 
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It has been found that either the keratin K6 inducible vector or the 
loricrin constitutive vector can be further regulated by introducing the 
Vitamin D regulatoiy element into the vector. The Vitamin D regulatory 
element is usually introduced into the 3' flanking sequence. In the 
present invention, the Vitamin D regulatory element is from the human 
Kl keratin gene. With the Vitamin D regulatory element in the vector, 
the expression of the nucleic acid cassettes can be suppressed by Vitamin 
D, a commonly used substance in animals and hmnans. 

An additional embodiment of the present invention is a method for 
vaccination comprising the step of in vivo introduction of a loricrin 
constitutive vector into epidermal cells. The nucleic acid cassette in the 
vectors usually codes for a polypeptide which induces an immunological 
response. An example of this is the viral capsid protein from the human 
papilloma virus. One skilled in the art will readily recognize that any 
other variety of proteins can be used to generate a immimologic response 
and thus produce antibodies for vaccination. 

The following examples are offered by way of illustration and are 
not intended to limit the invention in any manner. 

EXAMPLE 1 
Isolation of the MotlSft Loricrin Gene 
Although it is a mnjor keratinocyte cell envelope protein, loricrin 
was not identified until 1990 (Mehrel, et aL, Cell, Vol. 61, pp. 1103-1112, 
(1990)). The primary sequence of the loricrin protein was deduced from 
the overlapping cDNA clones described in Mehrel, id. To obtain the fiill 
gene, the cDNA clones were used to screen an EMBLrS Balb/c mouse 
genomic library. The gene encoding loricrin was located within two Bam 
HI fragments of 3.4 and 3.1 Ub. The coding sequence within this genomic 
fragment is identical to the cDNA sequences and is not interrupted by 
introns. There is, however, an intron in the 5' non-coding region that is 
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approximately 1.1 kb in length. In addition to the intron and coding 
sequence, there is approximately 1.5 kb of 5' flanking sequence and 2.1 
kb of 3' flanking sequence. • 

example: 2 

Construction and characteriiiatinn of a coTuri-ifai tive enidermal 
expression vector frfym mousa In Tjerin gene 

Although all of the regulatory elements of the loricrin gene have 
not been identified, a functional loricrin constitutive eiqiression construct 
was designed as follows. Briefly^ polymerase chain reaction (PGR) 
technology was used to delete the loricrin coding region, leaving the 5' 
and 3' flanking regions, 5^ and 3' non-coding regions and the intron 
(Figure 1). A unique Cla I restriction site was engineered at the start 
CATG) and stop (TAA) codons to allow eafity! insertion of exogenous gene 
cassettes. To assess the expression characteristics of this vector, a 
reporter gene, the barterial gene encoding chloramphenicol acetyl 
transferase (CAT), was insCTted into the Cla I site. The expression vector 
was analyzedby transient tranafection into primaiy mouse epidermal cells. 
Positive (pSV2.CAT, lane 1) and negative (pAlCCAT, lane 2) control 
vectors were included in the assay (Figure 2). The loricrin expression 
vector had high activity in undifferentiated (low Ca"* medium, lane 3) and 
differentiated (high Ca"* medium, lane 4) epidennal cells, surpassing levels 
obtained with the strong promoter of the virus SV40. This result was 
unexpected, since previous in vivo studies had demonstrated that the 
loricrin gene was onfy e:q>Tes8ed at a late stage of epidermal 
differentiation (Mehrel, et aL, C3ell, Vol 61, pp. 1103-1112, (1990)), and 
indicates that additional flanking sequences are required to suppress 
loricrin expression in undifferentiated epidermal ceUs. 

To analyz the expression characteristics of the loricrin vector in 
vivo, the bacterial gene encoding fl-galactosidase was inserted into the Cla 
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I site. The P-galactosidase gene has frequently been used as a reporter 
gene to assess targetmg specificity (MacGregor, et aL, In: Methods in 
Molecular Biology, Vol 7, pp. 217-235, (1991)). This construct was 
designated pML-P-gal and was used in the production of transgenic mice. 
This construct was digested with Apa I and subjected to preparative 
agarose gel electrophoresis to pxaify the pML-^-gal expression construct 
away from plasmid sequences (pGEM72) which might interfere with 
expression. The separated expression construct sequences were purified 
and recovered using NA 45 DEAE membrane (Schleicher & Schuell). 
DNA was precipitated and resuspended at 1-3 ng/ul. ICR outbred female 
mice (Saaco) were given FMS and HCG to stimulate superovulation, mated 
to FVB males (Taconie) and resulting one-cell fertilized embryos were 
collected from the oviducts. DNA was micro-iiyected into the pronuclei 
and the embiyos were surgicaUy transferred to pseudopregnant recipient 
females (the result of mating ICR females with vasectomized BJ)^^ males 
(Taconie). Normal gestation and birth was allowed to continue and at 
approximately three weeks of age the pups were screened for evidence of 
the transgene using total genomic DNA extracted from the tail. 

PCR analysis was performed on the extracted tail using oligo 
primCTs specific for ^-galactosidase. Animals positive for the transgene 
were further analyzed to assess the expression characteristics of pML-^- 
gal. This was done by removing part of the ear and incubating the tissue 
in a staining solution containing X-gaL This was done by removing part 
of the ear and incubating the tissue in a staining solution containing X- 
gal Typical results are seen in Figure 3 where a PCR positive animal 
expressed hig^i levels of p-galactosidase in the epidermis (Figure 3b) while 
a PCR negative animal shows no such staining (Figure 3a) indicating that 
endogenous murine P-galactosidase is not expressed at sufficient levels in 
the epidermis to cause fSaise positives in this assay. Intense X-gal staining 



was detected in the basal compartment as well as the suprabasal, more 
differentiated layers. 

To analyze the expression characteristics of the loricrin vector in 
vivo, the bacterial gene encoding p-galactosidase was inserted into the 
Cla I site. This data is shown in Figure 3, This observation indicates that 
the loricrin expression vector is xosefixl as a constitutive vector to direct the 
efficient expression of exogenous DNA in both the undifferentiated and 
differentiated compartments of the epidermis. 

EXAMPLBa 
UtiKzatibn of a novel Vitamin D^reapny^g^vA 
dement to modulate expression levela in the enidermig 
This example demonstrates that a novel negative regulatozy 
element from the human Kl keratin gene (HK1.NRE) is able to suppress 
a heterologous promoter m response to Vitamin D,. The HK1.NRE is 7G 
nucleotides in length (see Figure 4), PGR technology was used to generate 
Bam HI and n sites at opposite endis of this fragment. This facilitates 
generating multiple copies of this fragment since ligation and digestion 
with Bam HI and B^ II wiU select for oHgomers which have ligated head 
to tail. Four tandem copies of the HK1.NRE were inserted into the Bgl 
n cloning site of pAlO-CAT. In the absence of Vitamin this construct 
is highly expressed when transfected into primaiy mouse epidermal cells 
(Figure 4). The addition of increasing concentrations of Vitamin D, to the 
culture medium completely suppresses transcription of this heterologous 
promoter. Thtis, by using Vitamin D^, the activity of the expression vector 
is modulated. Figure 5 shows a schematic representative of a derivative 
of the loricrin c nstitutive epidermal vector which contains the HK1.NRE 
in its 3' flanking region. The activity of this vector within epidermal cells 



.19. 



can be suppressed by topical application of Vitamin Ds, or an analogue, to 
the skin. 

EXAMPLE 4 

Isolation and characterization of a M nuae K6 Keratin Gene 
Several laboratories have reported that keratin K6 is not ejcpressed 
in normal epidermis, but is expressed under hyperproliferative conditions 
such as wounding (Weiss, et al., J. Cell Biol., Vol. 98, pp. 1397-1406, 
(1984); Nakazawa, et aL, J. Cell Biol., Vol. 103, pp. 561a (1986); Stoler, et 
al., J. Cell Biol., Vol. 107, pp. 427-446, (1988)) or topical application of 
retinoic acid (Rosenthal, et aL, J. Invest Dermatol., Vol. 95, pp. 510-515, 
(1990). Al&ough K6 ei^ression does not occur in interfollicular 
epidermis, it does occur in hair follicles (Nakazawa, et al., J. Cell BioL, 
Vol. 103, pp. 561a, (1986)). Recent results indicate that there are two K6 
cDNAs that differ in sequence in only a few nucleotides. These cDNA 
clones have been used to differentially screen a EMBL 3 Balb/c mouse 
genomic libraiy and isolate two distinct K6 genes. These genes are closely 
linked within genomic DNA, Le., arranged in tandem. They have ahnost 
identical 3' halves, including identical 3' non-coding and flanking regions. 
Interestingly, the 5* halves of ttie 2 genes differ greatly in their restriction 
fragment patterns. Sequence analysis of the region near the ATG shows 
maixy differences between the two genes. The sequence of one of these 
genes, designated BCM-MK6(A), is shown m SEQ. ID. No. 3. To 
determine the expression characteristics of this gene in vivo in transgenic 
mice, PGR technology was used to modify a 13.5 kb Xho I fragment 
containing BCM-MK6(A). Nucleotides encoding the (^terminal region of 
the K6 protein were deleted and nucleotides encoding the amino acid 
sequence SEQ. ID. No. 4 were inserted. These amino acids are at the C- 
terminal of human keratin Kl (Johnson, et al., PNAS, USA, Vol. 82, pp. 
1896-1900, (1985)). A schematic representative of this derivative of the 
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mouse K6 gene (BCM-MK6(A)-HK1) is shown in Figure 6. Antisera have 
previously been generated against the HKl C-terminal peptide (Rosenthal, 
et al., J. Invest DennatoL, Vol. 95, pp. 510-515, (1990)). These antibodies 
are monospecific for this human Kl peptide and allow expression of the 
derivatized BCM-MK6CA)-HK1 transgene to be followed against the 
expression pattern of the endogenous mouse K6 genes. 

The derivatized mouse K6 transgene shown in Figure 6 was used 
in the production of transgenic mice as outlined in Example 2. Mice 
resulting from the initial iioections were screened by PGR analysis for 
presence of the BCM-MK6(A)-HE1 transgene. Positive founders were 
initially analyzed for transgene expression ad follows. A small ear biopsy 
was taken and after 48 hours a second biopsy was taken at the same site 
to score for expression during wound healing. Transgene expression was 
limited to hair follicles in the initial biopsy and was not present in 
interfoUicular epidemus. Transgene expression was observed in the 
epidermis in the 48 hotor biopsies, but only at the site of wounding. To 
further confirm the inducibility of the BCM-MK6(A)-HK1 transgene imder 
hyperproliferative conditions, Fl generation ofiBspring fit}m the initial 
foimders were treated topically with the hyperplasiogenic agent 12-0- 
tetradecanoylphorbol-13-acetate. Biopsies weretaken before and 48 hours 
after topicalapplication of this agent. Immunofluorescence was performed 
on frozen sections of tiiiese biopsies with antisera specific for the HKl 
peptide. No expression was observed prior to the induction of hyperplasia, 
however, the BCM-MK6C^)-HK1 protein was ^pressed at very high levels 
in all layers of the epidermis 48 hours after hyperplasia was induced 
(Figure 7). 
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EXABfPLBS 
CoMtruction of an inducible epidermal exprMmnr, 
v^gtPr frpm thft mouse K6 gene (BCM-MK6f A) ' 
Results obtained with the derivative of BCM-MK6(A) (Figure 7) 
5 indicate that all of the regulatory sequences required to suppress 
expression of this gene in normal epidermis and activate its expression 
under hyperproliferative conditions, such as m wounding healing or 
experimentally induced hyperplasia, are located within the 13.5 kb Xho I 
fragment (Figure 6). Therefore, an inducible vector was developed from 
10 this fragment. This vector is very useful in gene therapy appUcations 
where dosage of pharmaceuticals needs to be regulated. In addition, this 
vector is ideally suited for wound healing applications since it is induced 
during the wound healing process but suppressed after healing has 
occurred. Figure 8 illustrates how a vector is constructed from the BCM- 
16 MK6(A) gene. The vector is derived from the 13.5 kb Xho I fragment 
which contains the entire K6 gene. The same general strategy used in 
construction of the constitutive epidermal vector (Figure 1) is followed. 
The expression vector retains all of the 5' flanking sequences, the 5' non- 
coding sequences up to but not including the ATG, the first uxtron 
20 including the splice-sites of the intron-exon boundary and all of the 3' 
non-^oduig and flanking sequences after the TAA codon. A polylinker is 
engmeered 3' of the first intron to allow easy insertion of exogenous DNA 
cassettes. These manipulations are performed through the use of PGR 
technology. Unique Xho I sites are conserved at the ends of the vector to 
25 allow easy amplification in pGEM vectors and excision for purification 
from plasmid sequences. Recent in vivo results indicate that the 
endogenous human K6 gene is inducible after topical application of all- 
trans retinoic acid. Further, www mouse experiments suggest that the 
vector sh wn in Figure 9 is inducible by topical application of retinoic 
30 acid, or an analogue, to the skin. 
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Gdnstmcfcion of a derivative of the inducible epidermal 
vector wMch cotild be suppressed bv Vitamin Dl 
Even though the inducible epidermal vector depicted in Figure 8 is 
5 suppressed or silent in normal epidermis, it can be accidently induced as 
a result of iiuuiy. Hierefore, it is desirable to have an additional 
suppressor engineered into this construct. In addition, this suppressor is 
used to more tigjitly regulate pharmaceutical delivery. This is achieved 
by insertion of the HK1.NRE described in Figure 4. Figure 9 shows a 
10 schematic representative of a derivative of the K6 inducible epideimal 
vector which contains the HKI.NRE in its 3' flanking region. The 
activity of this vector within epidermal cella is suppressed by topical 
application of Vitamin D,, or an analogue, to the skin. 

15 EXAMPLE7 

Utilization of the inducible epidermal vector in wo und healing 
Greater than 3.5 million individuals develop skin ulcers. Dining 
normal healing; epidermal cells produce growth &ctors which affect not 
only epidermal cells but also cells within the dermis. In addition, 

20 epidermal ceils synthesize several matruc proteins which provide an 
anchor to the underlying dermis. Many skin ulcers occur in patients with 
disorders such as circulatoxy problems and diabetes^ and the normal 
healing process in impaired. The inducible epidermal vector is used to 
target the combined expression of growth factors, to accelerate growth of 

25 cells in both the epidermal and dermal compartments; matrix proteins, to 
increase tensile strength; and angiogenesis factors, to improve circulation, 
iit an attempt to improve healing these patients. 
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EXAMPLE8 

Utilization of the constitutive epi dermal vector 
in gene therapy approaches to cancer 
Skin cancer is by far the most common form of cancer with greater 
than 600,000 new cases reported each year. Several genes have been 
implicated in causing skin cancer, including loss or mutation of the host 
cell tumor suppressor gene, p 53 and expression of the E6 and E7 
transforming genes of human papilloma virus (HPV). In vitro studies 
suggest that the normal or wild type p53 gene can revert the phenotype 
of malignant cells or induce programmed cell death. The constitutive 
epidermal vector is used to target expression of the normal p53 gene to 
cause reversion to a non-malignant phenotype or induction of programmed 
death in vivo. In cancers where HPV is suspected of being the etiological 
agent, the constitutive vector is used to target expression of antisense 
RNA specific for the E6 and E7 genes of HPV. 

EXA1CPLE9 

Utilization of the epidermal vector gvstems in 
gene therapy approaches to psoriasifl 

Psoriasis is a common inherited skin disease which affects 
approximately 4 million individuals in the U.S., 20 million vrorld-wide. It 
is characterized by the presence of inflamed scaly skin. Although the 
specific defect for psoriasis is not known, inappropriate expression of 
growth factors, and cytokines appears to be responsible for its 
pathogenesis. Epidermal vectors are used to inhibit the mitogenic effects 
of positive growth factors produced in psoriatic lesions by expressing 
negative growth factors which induce growth arrest of epidermal cells. 

The inflammation observed in psoriasis most likely results &om 
inappropriate expression of cytokines. Targeted expression of soluble 
cytokine receptors prevents stimulation of an inflammatory infiltrate in 
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this disease. In another approach, anlasense ENA is directed against 
transcripts of positive growth factors or (ytoMnes. These approaches have 
therapeutic potential for other dermatoses resulting from inflammation. 
All patents and publications mentioned in this specification are 
5 indicative of the levels of those skilled in the art to which the invention 
pertains. All patents and pubhcations which are incorporated herein by 
reference are incorporated to the same extent as if each individual 
publication was specifically and individually indicated to be incorporated 
by reference. 

10 One skilled in the art will readily ^preciate that the present 

invention is well adapted to cany out the objects and obtain the ends and 
advantages mentioned, as weEas tiiose inherent therein. The bioreactors, 
nucleic acid sequences, transformed epidermal cells, loricrih constitutive 
vector and keratin K6 inducible vector, along with the methods, 

15 procedures, treatments, molecules of specific compounds described herein 
arepresentty-representative of preferred embodiments, are exemplary and 
are not intended as limitations on the scope of the invention. Changes 
therein and other uses will occur to . those skilled in the art which are 
encompassed within the spirit of the invention as defined by the scope of 

20 the claims. 
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5 

(2) INFORMATIOK FOR SEQ lb NOxl: 



10 



(i) SEQUENCE CHIffiACTERISTICS: 

(A) LENGTH: 6530 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: doiible 

(D) TOPOLOGY: linear 

15 (ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iv-) ANTI-SENSES NO 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOjI: 
25 GGATCCTGAT ATAGCTGTCT CTTTT6AGAC TATCCCGGGG CCTA6CAAAC ACAGAAGTGG 60 
ATGCTCACAG TCAGGGATTG GGTGAATCAC AGGGCCCCCA AT6TTGGAGC TAGAGAAA6A 120 
ACCCAGGGAG CTGGGGG6AT CACCTGAGTT CATACTGTCC AAACTGAAAC AAGTGGCACA ISO 

30 

AGTTTCTGAG AGCCAAAGTC TAATCAGGAT CGTTTAGATC ATTAATGCTC CCCCATAATT 240 
AAGACAATTT CTGATTAGAA TTATTCTTTC AACACAGCTG GGTGGAACAA GGTTCAACAG 300 
35 T6GXATCTTA ATAGCAACTG AGTTCCAATG ATGAAA6AAA GGAAAAACAC TATGTTCTTC 360 
ATACACAGAG GGGGGCTGCT CTTGGCCCTA GGGTCATCAG AGAACTGAGT AAATCTTATA 420 
G6AAAATA6T TAAGATGTCT TCACACACCT CCTTTCCAAT AGGGTTCAAG GGCAGGCATG 480 
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A7TGGAAGGA AAAGTGTTCT 6TCATGTGAG 
ATGTAGTACA TTCATATTTC ATAACTTCCA 
5 ATTCCTGCTT GGTAGACCAA ATGGGGATCA 
ACTGCCCTGT T6GTG6CATT GCATGAACTA 
AATAGTAATG GAAGACCTGA ACCCAACT6A 

10 

CATCXCAGAG GTCAGAGTCA CTCTGCAGCG 
TGAAAAGGCT GCCAGGGTCT GTCTTGTTAG 
15 AGTAACAAAG ATCAAAACAC CTGCTCTCAC 
GCTAGTTACA GT6CTGTCTT TTCCGTGGTA 
AACTCTCACA ACCAATAAAG TAAGCAGAAC 

20 

TGGAATGGAG AAATTCTGGC ATAA6AGATG 
ATGAAATTAA AACCAAACAT CAAAATTGGA 
25 AGACAATGTC TTAGATCTCT AGATTCCGTA 
TCTAGAATAG CCCTCTGGTT ATGGCACGCA 
CCCATCCACA CTGCTGGCCA TCTCTAATGA 

30 

GGCCAGTCAT ACACCAAACT GCCTATCCCT 
GTCAATCCTT CCCCTGCAAT CACAGGGAGG 
35 GGACAAGAGT ATAAAACACA GGAGCACCAG 
7CACTCATCT TCCCTGGTGC TTCAGGTAAG 
AGTTGGCCTT GCTCAGCTTG CAGAGAGGTT 
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AAAAGAGCAA AAGTATTAAT ATCACATACT 540 
TTTTCATGTT TCTGTGAAAT AAATTATAGG 600 
GACAGCTCAA CAATGAACAA GTACTCAGTA 660 
CTGTGCTTTG CCCATGGTGA CATAGCTTGA 720 
GATCTCTAAG TACATTCCAC TCTATGGTGG 780 
CCATAGGACA TCAGAATCAA AGGGTCATGG 840 
TTCTCACCTT TGTAAGTAAA GTCAGTAGTC 900 
AAGGAATAAC TTAAAGTAGA CTAAAGTCAT 960 
CCATCCCAAA CTGGGAGCTG GGGACTCACG 1020 
AGAAGCAACC CAATGAAGTG TTCATGAAAC 1080 
GATTCTAAAA TTTTGAGAAT TTCCAAGATA 1140 
AAGATACAAC TGAACTAGCT TCTATGTCTT 1200 
AGGCTGCTTC ACAAGTCTGC AACCTAGTCC 1260 
ACCTATACAG AAGTTTTGAA AACAATTTCT 1320 
CCAACCTGCT CACTGTTACA TCAGAGAAGT 1380 
ATCCGAAGAA TTTGAAATCT TCATGAATGG 1440 
AGGTGCCTGA TCAATAGATG AGTCAGA6CA 1500 
TGTCCCTCAC ATCAGCATCA CCTCCTTCCC 1560 
T6TGGGCTCT CCTCGCTGTC TGCTCTCTCC 1620 
AAGGAACAGA GCCTTTCTCC CCTTTGGAAG 1680 
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GTACTCTGTT CSAATTGAGA. AGGGCTTTAG OAAAGCACTG GGA6A6TGGT AAGCTGGT6C 1740 
TGGGCA6AT6 ATGT6TCT6G TCTTCTGGGC AGAAT6TTAAAACTT0ACAA AGATATGACT 1800 
5 ATCTCCTACT TCTOT6GCAC CCTGGGAGCT GAGGGTiaGA ATACTG6ATG ACTCCA6TGG 1860 
CAGGCCTC(» TGGGCTGGAT GAACCTtTTG AACCT6CCA6 AAGTG6CTGA ATACACTATC 1920 
AGGAAGGGA6 AGGGACCATA A6TCATAGAA TG6TGCT0AT GGGAGATTTG AGAAGCCaCA 1980 

10 

AAAACCCAAG CTCTOCTTTA T0A6GGCA6A T6TTCTGACA GATAAATGAC TTGTGAGGTG 204Q 
CTGAACTACA CAGCTTCCTA TTAGCTACA6 CTAATXGGAG TCTACCAAAT TTAGACTCCT 2100 
15 GCATATCTCA AAAA6AT6TC TACTCTCTTC TGGTTA0AT6 TACTTCTCC^ 2160 
AGTTCTTCCA TTT6TTTGCA GACAGGAOai CAGTAGAGCT 6TCTTGTCTA ATAATTGGCC 2220 
CTTGOAGGAT ATCTCACTCA ATAG6ACAGA TCaUVGAGTTT AAACXAAGGA CTTTATACAG 2280 

20 

GAAATGCTAA T6TCCAAACA AATCTTTTCT TATTGTGCTC G6AGT66ATA AAATCCACGT 2340 
GGAATTTTTG CWACTTTCTa CXGAATraA AGAATCaG^ 240O 
25 lAGACATGGA GTGTTTATTA AT6TAAGATC AAAAGCAGGT GGGAAT6TGG GGGTTCTGCT 2460 
TCC!CAAATCA CATAGTAGAA GASAGGGAGA GTTGAGGGAA AAGGGGGTCA COaTTAACGG 2520 
GACTTTTGAA GAGCTAACCa GTCCAG6AAT GGAGTCCASA caCCTAGTCT GCaXAAAGCT 2580 

30 

AGGAGTCAGA AGTATGTTGG CATGGAICCA TCTGCCACCT TCACAGCOTC CTCXTGCTGC 2640 
TGTTGCTCTA AT6TTGCTCT TCTGCTCTTC TTCCiAGGGTT CCCCTTCTCC TTAAACAAGA 2700 
35 TGTCTCaCCA 6AAAAAGCAG CCCACTCCCT GCCCTCCTGT GGGTTGTGGA AAGACCTCTG 2760 
GTGGAGGAGG AGGCGGCGGC GGCTATTATA GC6GTC606G CTCTGGCTGC GGAGGCGGCT 2820 
CarciGGAGG AGGCTCTAGC TGTGGAOGCG GAGGCGGTGG TTOCTAIGGA GGTGGTTCCA 2880 
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6CTGCGGC60 TGGAGGCSSGC TCCGOTGGGG GCSTCAAGTA CTCCGCAGGC GCCGCTGGCT 2940 
CTAGCTGCGO CGGCGGCTAC TCCGGAGGOG GTGCTGGCTC TAGCTGCGGC GGTGGCTACT 3000 
5 CTGGGGGCGG CGCCGGCTCC AGCT0CX36AG GTG6CTACTC 0GGA66CGGC GGC»^ 3060 
6CT6CGGCG0 C6GCA6CTAC TCCGGGGGTG GCTCCA6CT0 TGGAOOCGGT GGCGCCTCTG 3120 
6TGG0G0CGT CAAGTACTCC 6GAGGTGGT6 GCGOCGGOGG CTCTAGCTOC GGCGGCG6CT 3180 

10 

CCTCCGGGGG CGGCGGCGGC GGCTCCA6CT 6CG6A66CGG ATCAGGAGGC GCCGGCTCCT 3240 
ACT6CG6AG0 CTCCTCTGGA GGCGGCAGCT COGGTGGCTO CGGCGGCGGT TCCG6AGGCG 3300 

16 GCAAGTACTC TCGTGGCG6C GGIXWSCTCCA GCT6CG0AGG CGGCTATTCC GGC^ 3360 
GAAGCAGOGG CGCCTCTAGC TGTOGCGOOG GCTACTCAGG TGGOGGTCGA TCCAGCTGCG 3420 
GCGGCGGOGG CG6CTATXCC G0T0CCGGC6 GCACGA6CTG CG6AG0TG6T TCCTCCGGTG 3480 
GCGGCGGOGG CGGATCGTCC CAACAGTATC AOTOCCAGAO CTACGGAGGC GGTTCTAOCG 3540 
GTGGCICCAG CTGCGGCGGC GGCTACTCCG GGGOCGGAGG CTCCAGCTGC GGTGGCOGCT 3600 

25 ACTCCGGGGG OGCAGGCTCT AGCTCCGGAO GCGGCTCCTC TGGTGGTGGC TCCAGTTGCG 3660 
GCGGCAGCGG CGGCGGCGGC TATTCCGGTG GTGGCGGTGG CAGCTGC6GC GCCGGCTCCT 3720 
CTGGCGGCGG ACGGGGCTAT TACTCCTCTC AGCA6ACCA6 TCA6ACCTCC TGC6CCCCCC 3780 

30 

AGCASAGCTA CGGAGG66GC TCTTCOGGAG GAGGTGGTAG CTGTCOAGGT CSGCTCCTCTG 3840 
GCGGCGGTGG CG6CG6TGGC TGCTACTCCA GCGGTGGXG6 CGGCAGCAGC G6TGGCTGC0 3900 
35 6TGGAGGCTA CTCCGGAGGC GGCGGTGGCT GTGGC6GCGG CTCTTCCGGG GGCAGCGCCG 3960 
GTGCCT6CGG AGCT6GCTCT TCCGGAGGCA GCGGCGGTGG CTGCGGAG6A GGCTACTCCG 4020 
GAGGCGGAGG C6GTGGCTCC AGCTCCGGAC GCGGCTCCTC TGOIWCGGC TCTGGAGGTG 4080 
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GCaAGGGTCT GCCAGTCTGC C»a»G&CCC AGCftGAAGCA GGCGCCTACC TGGCCGTGCa 4140 
AGTAAGGtCa. COGGGTTGCA ACG6AGACAA CAGAGCTG6A AGA6TTGXCC GTGGGCGCCG 4200 
5 ATSGGCTTAA CTTTCTCATC AATTT6CCCG AGGTTICCAA AC^ 4260 
CCCTTCCCCC AGAAGAAGCC AITGAGTC6C TCAAGGTGTA TCCTGTTCTG CAGAITTTTC 4320 
ATCTTGGTTT CTGAAT6ACT ACCTCCCAAT TCTAGTGTCT CCPCAGTCAA TAAATTTGCT 4380 
ATTC&TGAGA ATCTCTGAGT TTGCTGTAGT CTtTGTAGCT TOCAAATTTA CTC»6TTCAT 4440 
TCTGTGTTIG CTTTTTCC&T TCATTASTTC ACATTTAaAT TCACTGAACA AGTGTTCTAT 4500 
15 CCCAAG6T60 GGGAGTAGAT A0AIG6AATG GGGCAAAGGA TGACCAAGGT TG1»AACA6T 4560 
CTGGGGTGTG GCTTAAAAAT CATCA6ATGG TCCTCAAACA COUWSM 4620 
ACATCCTACA OITCACTGAA ATTGG6CCTG CGCAOOCAAI TTCTAGCAOT GCAGAGTTCA 4680 
CTCTOaAST TCTG6AAGCA GOATGGCTCT CA6ATTAGGT TAfiCTACCAG AGGTCCAA^ 4740 
CeaCTGACAT 6TTOT3ACCT AAGAAGAAGG ACATTCACCC CTGAACAA^ 4800 
25 CAT6CGATCT TCC6GAACAC TATAACTACT TWXTTACTC ATOACCCATG ATO^ 4860 
6AGGCAAA6A TACAAACCCT CTATGTCITC TCaAOATTGC CAGTTCTTCA TTAAGCCT6A 4920 
TACCTTCTTA CCAGCGCACG TCTCCT6AAT ACTGATAAAC TCTG6TTTTG TTA6TCTGTT 4980 

30 

AGAAAAATAT TATATCAGAT AATCAAGAlC CICTACAGTG TGT6A6ACAG TTTACTGAGC 5040 

ATCTATAGAG AtAfiAAOOCAGCCCICTTGAAfiGAOTGAACGCGTACGTTT CGTCCAATTT 5100 
35 6A6AAGGTJW ATC6TAAGTA TTTAAGMOC TTWkCaTCaO 5160 
ACATTAGGGO CCTCCTGATT A6<aAGCATft AAGCTA6A6T TCCTCAAAGG CatGTGTAAC 5220 
AACC»XCCCC TGOCCROATC CtOTTTTACA GTCAGATTTI ATCAGCTTTA GGTAAATCCT 5280 
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AACTTACTGA CTTACTCAAG TTAATTTTGC 
TTTAGCTAAT GATAGAAATA AAAAGATTTC 
5 CCXTCATCAT TTGCATCAGA GATAGAGCAT 
CTTACCACCA CATTTTTATG GATTAAATGT 
AATACACTCT GATTACTCAC TTCCCTATCC 

10 

C3VATCCCTAC CTTCCCTACA ATTCCCTTTA 
TTGTGACCCA CTGAGCTAAC CAGGGCCATC 
15 ATCCCACTGG GTACACAACT GAAACTAGTG 
ATAATTCAAC AGGGAATGGT GGGGCTCTCT 
CTTGTGCAGG CCTAGTGCAG ACAACCATAG 

20 

GTTATACATA GGAGATAGTA TTTTGGAGCC 
TTCTCTTTTA GGATGTTCCT TGAGTCTTTG 
25 CTTGTCATTT ATTTTCAGAA TCTTGAGCAT 
ATACTAAATT TTT6XACAGA TTTTTCATAT 
ATTTTTCTCT CCTCTAACAC TCCACTGCTC 

30 

TATTTTCCCT CTTT6CTTTC ATTTTATCTA 
CTCACTACCA ATAACCCTTT TCTAAACTGG 
35 GCAGAAGTAG ATGGAGCAAT GTCAACTCAT 
GCCAGCCC6G ACTATGTAAT AGGACCCTGT 



•31. 

TATACTAAAA AGCCAATGTG CCTTCCTACA 5340 
ATCTCACTCT TCX3VTTTGGA GTCATCACTA 5400 
GCCAAG7AGC AACCTCAGTG ACACAGTAGT 5460 
ATTTTTTTTA GCATGGXTAT ATGTGCATAT 5520 
TTTCTTACTC CTCCCCATCC CAACCTGTAT 5580 
CCATGTTTTT GTTAGTTTTG TTGGTTTGTT 5640 
TGTATGACCA TGGCTTTGGA TTCTGATGGA 5700 
ACTCCCCTTC ACACAATCTA TCAGTAGACA 5760 
CCATCCTTGG CTAACTGTTG ACAGGACAG7 5820 
TTGCTGTGAG CTCATGTTTG CAATGGCTGT 5880 
ATTATCCATG TCTGGCTCTT ATATTCCACC 5940 
ACGAATGTTT TGGTTAGAAC CGAGTGCTCA 6000 
CAAAGGATAC AXAAGATATT ATATTATAGG 6060 
ACCCTTCATA TTGGTTAACC ATAATCCCCA 6120 
CCATACCAGA TGAAACCTTT CAACTCCATG 6180 
TATTGTATGA TCTCAACTCC CTTAATCTAT 6240 
TACCCTACAA CTTTAGTTCC AGTACTTGAT 6300 
GCTCAGCCT6 GTCTATGGAA T6GGTTACAA 6360 
CTCAAAAACA ACTAAACCAA ACAAACAAAC 6420 
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AAACAAAGAA CftRACJUACA AACAAACXAA AAATCTCaAC CATTTCTAGT TTTTCTA6TT 6480 

TTTACTTGAA CATCAAGTTA AGCATAACTA AAGVlTCUiK AATAGGAICC 6530 

5 (2) INFOIUIRTION ?0R SBQ 10 N0i2: 

fi) SEQOTNCB CHARACTERISTICS: 

CA) LENGTH: 5092 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSt double 

(D) TOPOLOGY: linear 



10 



(ii) MOLECOLE TYPSt.ONA (genooic) 

15 (iii) HYPOTHETICAL: NO 

(iv]f ANTI-SENSE: NO 

20 

(xl) SBQOENCB OBSCSIPTIONt SEQ ID NO: 2: 
GGATCCTOAT ATAGCTGTCT CTTTT0A6AC TATCCCG66G CCTA6CAAAG ACAGAAGT6G 60 
25 ATGCTCACAG TCAGGGATTG GGTGAATCAC AGGGCCCCCA ATGTT6GAGC TA6AGAAA6A 120 
ACCCA6GGAG CTGGGGGGAT CACCTGAGTT CATACTGTCC AAACB3AAAC AASTGGCACA 180 
ACTTTCTGAC AGCCAAACTC TAATCAGGAT <»TTXAGATC ATTAATGCTC <»CCATAATr 240 

30 

AAGACAATTT CTGATTAGAA TTATTCTTTC AACACAeCTO GGT06AACAA GGTTCAACAS 30O 
TGGTATCTTA ATA6CAACT6 AQTTCCAATG AT6AAAGAAA CGAAAAACAC TATGTTCITC 360 
35 AIACACAGAG GGG6GCTGCT CTTGGCCCTA GGGtCATCaC AGAACT^ 420 
GGAAAATA6T TAAGAIGTCT TCACACACCT CCITTCCAAT AQGGTTCAAG GCCA06CATG 480 
ATTGGAAGGA AAA6TGTTCT GTCATGTGAG AAAAGAGCAA AAGXATTAAT ATCACATACT 540 
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ATGTAGTACA TTCATATTTC ATAACTTCCA 
ATTCCTGCTT GGTAGACCAA ATGGGGATCA 
6 ACTGCCCTCT TGGTGGCATT GCATGAACTA 
AATAGTAATG GAAGACCTGA ACCCAACTGA 
CATCTCAGAG GTCAGAGTCA CTGTGGAGCG 

10 

TGAAAAGGCT GCCAGGG7CT GTCTTGTTAG 
AGTAACAAAG ATCAAAACAC CT6CTCTCAC 
15 GCTAGTTACA GTGCTGTCTT TTCCGTOGTA 
AACTCTCACA ACCAATAAAG TAAGGAGAAC 
TGGAATGGAG AAATTGTGGC ATAAGA6ATG 

20 

ATCAAA7TAA AACCAAACAT CAAAATTGGA 
AGAGAATGTC TTAGATCTCT AGATTCCGTA 
25 TCTAGAATAG CCCTCTGGTT ATGGCACGCA 
GCCATCCACA CTGCTGGCCA TC7CTAATGA 
G6CCAG7CAT ACACCAAACT GCCTATCCCT 

30 

GTCAATCCTT CCCCT6CAAT CACAGGGAGG 
G6ACAAGAGT ATAAAACACA GGAGCACCAG 
35 TCACTCATCT TCCCTGGTGC TTCAGGXAAG 
AGTTGGCCTT GCXCAGCTTG CA6AGAGGTT 
GTACTCTGTT CAAATTGAGA AGGGCTTTAG 



-33- 

TTTTCATGTT TCTGTGAAAT AAATTATAGG 600 

GACAGCTCAA CAATGAACAA GTACTCAGTA 660 

CTGTGCTTTG CCCAT6GTGA CATAGCTTGA 720 

GATGTCTAAG TACATTCCAC TCTATGGTGG 780 

CCATAGGACA 7CAGAATCAA AGGGTCATGG 840 

TTCTCACCTT TGTAAGTAAA GTCAGTAGTC 900 

AAGGAATAAC 7TAAAGTAGA CTAAAGTCAT 960 

CCA7CCCAAA CTGGGAGCTG GGGACTCACG 1020 

AGAAGCAACC CAATGAAGTG TTCATGAAAC 1080 

GATTCTAAAA TTTTGAGAAT TTCCAAGATA 1140 

AAGATACAAC TGAACTAGCT TCTATGTCTT 1200 

AGGCTGCTTC AGAAGTCTGC AACCTAGTCC 1260 

ACC7ATACAG AAGTTTTGAA AACAATTTCT 1320 

CCAACCTGCT CACTGTTACA TCAGAGAAGT 1380 

ATCCCAAGAA TTTGAAATCT TCATOAATGG 1440 

AGGTGCCTGA TCAATAGATG AGTCAGA6CA 1500 

TGTCCCTCAC ATCAGCATCA CCTCCTTCCC 1560 

TGTGGGCTCT CCTGGCTGTC XGGTCTCTCC 1620 

AAGGAAGAGA GCCTTTCTCC CCTTTGGAAG 1680 

GAAAGCACTG GGAGAGTGGT AAGCTGGTGC 1740 
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-34- 

TGGGCAOATG ATGT6TCTGG TCTTCT6GGC &GAATOMAA AACTTCACAA AGATATGACT 1800 
ATCTCCTACT TCTCTGGCAC CCTGGGAGCT GAGGGTTAGA ATACTGGATG ACTGCAGTGG 1860 
5 <»S«CCTCCA TQCGCTGOAT GAACCTTTTG AACCTGCCAG A^^ 192o 
AQGAA6GGA0 AGGGAdGATA AGTCATAGAA TGGT6CT6AT GGGAGATTT6 AGAAGCCACA -1980 
AAAACCCAAG CTCTGCTTTA TGAGGGCA6A TGTTCTGACA 6ATAAATGAC TTGTGAGGTG 2040 
CTGAACTACa CaGCTTCCTA TTAGCTACaG CTAATTGGAG TCTACCAAAT TTAGACTCCT 2100 
GCAIATCTCa AAAAGATCTC TACTTTCTTC TGGTTAGATC TACTGGTCCA AAAGGTTCAG 2160 
15 AGTTCTTCCATTTGTTTGOlGACAGGACCaCAGTAGAOCTGTCTTO 2220 
CTTGGAGGAT ATCTCACTCA ATAGGACaGA TCAA6AGTTT AAACTAAGGA CTTTATACAG 2280 
SAftATGCTAA T6TCCAAACA AATCTTTTCT TATTGTGCTO 2340 
GGAATTTtTG CAACTTTCTA CTGAATTTAA AOAATCAGCA CTGGGACTTC OGAGCACCCT 2400 
TAGACaiGGA GTGTTTATTA ATGTAAGAIC AAAR0CA6GT GGGAAIGTGG GGGTTCTGCT 2460 
25 TCCCAAATC» caTAGXAGAA 6AAAGGCAGA GTTGAGGGAA AAGGGGCTCA CTATTAACG^ 2520 
GACCTITGAA GA6CTAACCA 6TCCAGGAAT GGAGTCCAGA CACCTAGTCT GCATAAAGCT 2580 
AGGAGTCAGA AGTAI6TTGG CATGGATGCA TCTCCCACCT TCACAGCGTC 2640 

30 

TGTTGGTCTA AOSTTGCrCT TCTGCTCTCe TTCOWSGGTX CCCCTTCTCC TXAAACAACA 2700 
TCGAIAAG6T CaCCGGGMG caACGGAOAC AACMAGCTO GAAGA6TTCT CCGTG^ 2760 
35 CGAaBGGCTT AACTTTCTCA axaUlTTTGCe TGATC 2820 
GCCCCTTCCC CCaOAAGAAG CCATTGAGTC GCTCAACGTG TATCCTGTTC TGCAGATTTT 2880 
TCATCTTGGT TTCIGAATGA CTACCTCJCCa AITCTAGTCT CTCCTCAGTC AAXAAATTIG 2940 
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^6- 

CTATTCATGA GAATCTCTGA GTTTGCTGTA GTCTTTGTAG CTTGCAAATT tACTCAGTTC 3000 
ATTCTGTGTT TGCTTTTTCC ATTCATTAGT TCACATTTAA ATTCACTGAA CAAGTGTTCT 3060 
5 ATCCCAAGGT GGGGGAGTAG ATAGATGGAA TGGGGCAAAG GATGACCAAG GTTGTGAACA 3120 
GTCTGGGGTG TGGCTTAAAA ATCATGAGAT GGTCCTCAAA CACCAAGAAA AGTCTTCACT 3180 
GGACATCCTA CACATCACTG AAATTGGGCC TGOGCAGGCA ATTTCTAGCA GTGCAGAGTT 3240 

10 

CACTCTCCAA GTTCTGGAAG CAGGATGGCT CTCAGATTAG GTTAGCTACC AGAGGTCCAA 3300 
GTCCACTGAC ATGTTCTGAC CTAAGAAGAA GGACATTCAC CCCTGAACAA AAGACCCCTG 3360 
15 CCCATCCGAT CTTCCGGAAC ACTATAACTA CTTTCCTTAC TCATGACCCA TGATAGAGCT 3420 
TTGAGGCAAA GATACAAACC CTCTATOTCT TCTCAAGATT GCCAGTTCTT CATTAAGCCT 3480 
GATACCTTCT TACCAGOGCA CGTCTCCTGA ATACTGATAA AGTCTGGTTT TGTTAGTCTG 3540 

20 

TTAGAAAAAT ATTATATCAG ATAATCAAGA TCCTCTACAG TGTGTGAGAC A6TTTACTGA 3600 
GCATCTATAG AGATA6AAGG CAGCCCTCTT GAAGGATTGA ACGCCTACGT TTCGTCCAAT 3660 
25 TTGAGAAGGT ACAXCGTAAG TATTTAAGAT GCTTAACATC AGTATCACAG AGGTCACTGG 3720 
AAACATTAGC GGCCTCCTGA TTAGCAAGCA TAAAGCTAGA GTTGCTCAAA GGCATGTGTA 3780 
ACAACCATCC CCTGGCCAGA TCCTGTTTTA CAGTCAGATT TTATCAGCTT TAGGTAAATG 3840 

30 

CTAACTTACT GACTTACTCA A6TCAATTTT GCTATACTAA AAAGCCAATG TGCCTTCCTA 3900 
CATTTAGCTA ATCATAGAAA tTAAAAAGATT TCATCTCACT CTTCCATTTG GAGTCATCAC 3960 
35 TACCTTCATC ATTTGCATCA GAGATAGAGC ATGCCAAGTA GCAACCTCAG TGACACAGTA 4020 
GTCTTACCAC CACATTTTTA TGGATTAAAT GTATTTTTTT TAGCATGGTT ATAT6TGCAT 4080 
ATAATACACrr CTGATTACTC ACTTCCCTAT CCTTTCTTAC TCCTCCCCAT CCCAACCTGT 4140 
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10 



-36- 

ASCcaATccrr accttcccta caATTcccir XAccATGirr TTGiTAorrr tgttggtctg 4200 

TTTTGT6ACC CACTGAGCTA ACCAGGGCCR TCTOTATGAC CaTCGGTTTG GATTCTGATG 4260 
5 6AATCCCACT GGGTACACSA CT6AAACTAG TGACTCCCCT TCACAGSATC TATCAGIAGA 4320 
CAATAATECA ACftGGOftATG OTGGGGCTCT CTCCaTCCTr GGCTAACTGT TGACAGGACA 4380 
0TCTT6TGCA GGCCTAGTOC AGACaWlCCAT A6TTGCTGT6 AOCTCATGTT TGCAATGGCT 4440 
GTGTTATACa TAGGAGATAG TATTTTGGAG CCATTATCCA TGTCTCGCTC TTATATTCCA 4S00 
CCTTCTCTTT TAGGATGTTC CTTCAGTOTT TGAGGWlTGr TTTGGTrAGA ACCGAGTGCT 4560 
15 CAGTTGTCAT TTATTTTCAG AATCITGAGC ATCftAAGCAT ACATiVAGATA TTATATTATA 4620 
GGATACTAAA TTTTTGTAC& OATTTTTqAT ATACCCTTCA TATTGGTTAA CCATAATCCC 4680 
CAAIl'I-riSCT CTCCTCTAAC ACTCCACTGC TCCCATACCA GATGAAACCT TTCAACTCCA 4740 

20 

TGTATTTTCC CTCTTTGCTT TCATITTATC TATATT6TAT OATCTCAACT CCCXTAATCT 4800 
AICTCacXAC CRATAACCCT ITTCTAAACI GGTAGCCTAC AACTTTA6TT CCAGTACTTG 4860 

25 ATGCAGAftGT AGATGGAGCA ATGTGAACTC ATGCTCAGCW T06TCTATGG JUV5;«^ 4920 
AAGCCaGCCC GGACTATGTA ATAGGACCCT GTCTCAAAaA CAACTAAACC AAACAAACAA 4980 

ACAAACJUMW5 AACRftACAAA CAAACAARCC AAAAATCTCA ACCMTTCTA GTTT^ 504O 

30 

TTTTTACTTC AACaTCAAGT TAAGCaiAAC TAAAGTTICA AAAATAGGAT CC 5Q92 
(2) INFORHATION ?OR SEft ZD M0t3: 

35 (L) SEQUENCE. CHARACTSRZSIICS: 

(A) LBNGXEr 5159 baae pairs 

(B) TCVSt nucleic acid 

(C) STRANOEONBSS: doubl 
{&) TOPOLOGr: linear 
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•37- 

(ii) MOLECULE TYPE J DNA (genomic) 
(iii) HYPOTHETICAL; NO 
5 (iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

10 

GGGAAAACCT GTGT6GTGAG GGGGCACACA GGGAOTGTCT ACATGGGGCA AGAAGGAAAG 60 

G6ACAATTAT CACAGATCAG CTCCTT6TCT CTTTTGTTTG AGAAGATGAC TAACTCATGA 120 

15 CTTAAGAGAA TTTAOGTCCT GGCTCATTGT GTTCA6ATCA AGTCAAGGCT GGAAGGCAGG 180 

AGAATTTGCT CCGTGACTAA AGOAATCCAA AAGCAATCTT CATGTATCAT ACCTTTCTAG 240 

AACTTGGCGG T6ATCTCATT ATTTGTAAAG CCCTGCCCTA CCCACTCTGC AAGCTCACCA 300 

20 

TCAGGACCCA ACCCAGCOCA TCTGTACCAT ATATAAGOGG CTGCCCAGAG CTCAACACAC 360 

TCATCTCTTC AGCTCTGCCC TGCCGTTTCT CTACTTCCCA GCCTTCTCAT CTCCAGGAAC 420 

25 CATGTCTACC AAAACCACCA TCAAAAGTCA AACCAGCCAC CGTGGCTACA GTGCCAGCTC 480 

AGCCAGAGTG CCTOGGCTCA ACCGCTCTGG CTTCAGCAGT GTGTCCGTGT 6CCGCTCCCG S40 

GGGCAGCGGT GGCTCCAGT6 CAATGT6TGG AGGAGCTGGC TTTGGCAGCA GGAGCCTCTA 600 

30 

TGGTGTGGGG AGCTCCAA6A GGATCTCCAT CGGAGGGGGC AGCTGTGGCA TTGGAGGAGG 660 

CTATG6CAGC C6ATTTGGAG GAAGCTTCGG CATTGGAGGT GGAGCTGGTA GTGGCTTTGG 720 

35 CTTCGGTGGT GGAGCTGGCT TTGGTGGTGG CTATGGCGGA GCTGGCTTCC C6GTGTGCCC 780 

ACCTGGAGGC ATCCAAGAGG TCACCATCAA CCAGAGCCTC CTCACACCCC TGAACCTGCA 840 

AATTGACCCC ACCATCCAGC GG6TCAGGAC TGAGGAGAGG GAGCAGATCA AGACCCTCAA 900 
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TAACaAGTTT GCCTCCTTCa, TCGACftaGGT GAGACAT6GT CCTCCCTAGA GCACCCTSTG 960 
TGTCTACAGG GAATGCT6AA CA6AGGTGTA GGGAA6AG6C TTCAGTCTCA GCTCT6ATAC 1020 
5 T6CCTGT6TT 6CTA0TTGAT .GCTCT6TCCT GGTtTGTGTT CCTCTTCAGT TAGACTGGCA 1080 
TCTGGAAATC AGGGTCAGCW TTCCTCTCCT CCAGAGGTTG CCCTATAAiSG GTGTCTGGTC 1140 
CCAGTGGACT GA6ATGACTT AAAGACTCAC AAAACAGGCT TGTAGGGAAA T6GAAGATTA 1200 

10 

TAACTATGTA TAGT6CAGTT GGGAGGCATG CCAGCCTCAC TAAGCTGCAG CACACTTCAT 1260 
CAAGCCATGG CTAACCTGCC AGTGCCCTAC ATGAGTTCTC TGCCCTCCTT AGAGAGGTGG 1320 
15 CATTGGGTGC TTCAGTCTGG ACTGXTrCCC TCABACCCaG ©GTCA6G6XC TAACTACaCT 1380 
GAAT6AGTTT AGTCaOACAG CCTGAGAQGG TACACACACT ACT6AA6TGT tCATAOAAGG 1440 
AXGAAACCCa AACTTCTCCC CCTCATACTT GCCCCCCCGC CCCCACCAGG TGCG6TTCCT 1500 

20 

GGAGCAGCaO AACAAOGTCC TGGACACCAA GTGGGCCCTG CTGCAAGA6C aOGGCACCAA 1560 
GACCGT6AGG CAGAACCTGG A6CCTATGTT TGAGCAGTAC ATCAGCAACC TCCWC»6ACA 1620 
25 6CTGGACAGC MCACTGGAG AGAGGG6TCG CCTGGACTCa GAGCT6A6GA ACATGCAGGA 1680 
CACAGTGGAG 6ACIACAAGA GCARGIGAGT TACaAAGAAG G6AQAATCCA GTCTCCXKSAC 1740 
TTTATRAAAA TGGAAGCCCA AATCTAAACa AGGGCTCCAT GAT6TAAGAA AGCTT6GTCA 180O 

30 

CaTCTGGGAC AGAGGCIGCC ATTCATACCA XCCaCCCaW OGCa^ I860 
TTCXrrCTTGT AGAXATGAAG ATGAAA3WAA CftAGCGCACA GCAGCAGAGA ATGAATTCGT 1920 
35 GACCXaWAAG JUIGGTGAGTT GACTAACCAC AAG6ATGGGT TTCT 1980 
ASGGCCTT6T AXATCTGC6T CATTCCAGAG AAATG6TG6T TACaCGGAAA 6AAGTGAAC6 2040 
GTCTGGGGAA CAGAGGTAAC. CTGATTCCAX GTTCTTGATG GTTTTCTCAG GATGTAGATG 2100 
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CTGCCTACAT GAACAAAGTT GAACTGCAAG 
ACTTCTTGAG AGCTCTCTAT GAAGCAGTAA 
5 TCACCACTCC CTTTATTTTT TTCCCCCTGG 
GACAAAGATG ACTATGGCTC TTTCT6TCCT 
CTCAGACACA TCTGTGCTCC TCTCCATGGA 

10 

CATCGCTGAG GTCAAGGCCC AGTATGAGGA 
GTCCTGGTAC CAGACTAAAG TGAGTATTGG 
15 ACCCTGAACT CCATGAGTCT CTGAGTTCaMJ 
GTTGTCCCAG AAAATGCACT CTGCACATGT 
AAAGAACACA GACGTAGATG CAAAGTTGCC 

20 

TGTACTCTGA ACAAT6ATCC TCTT6AGAAA 
TATGGAGTCT GTGGTCTCCT AAAGCTTCTC 
25 GTGTGCCACT CAGAGGTGGG TTTCGTTCCG 
TTGATTGGCC TTCA6TATGA GGAGCTGCAG 
CGCAACACCA AGCAGGAGAX TGCTCAGATC 

30 

ATCGACCAOG TTAA6AAGGA GGTGGGGTAG 
TTCCTGTCCT CTAACTCTTG CTCACCAGAA 
35 ATGTACACTC CACGATTATT TTTGTTGCTC 
CTATTGCTGA TGCTGAGCAA CGTGGGGAGA 
AAGGGCTGGA GGATGCCCTG CAGAAGGCCA 



•39- 

CCAAGGCAGA CAGTCTAACA GATGATATCA 2160 
GCCCCCCTTG TCTTCTCTTC TCCTTTCCAT 2220 
GCAAAGTGTT TGACCTCTGC AGTTCTCAAA 2280 
GCAGGAACTG TCTCAGATGC AAACTCACAT 2340 
CAACAACCGT AGCCTGGACC TGGACAGCAT 2400 
CATTGCTCAG AGAAGTCGGG CT6AAGCTGA 2460 
GGXGGAGCCT GATGGGGATG CCTGGGGTCC 2520 
TATTGCAGGC CCACTAAAAG AAATAGGGAT 2580 
ACCATAGAAT AATGTTTTAC TOGAAGAGTA 2640 
ATAAATGGGG TCCATGCTCT TTGCTTGAGC 2700 
CTAGAGAAGA TTTTCACTTC CTGAGGGAAC 2760 
TTGAGGAAAA GCCAGCACAT CCATGGAA6T 2820 
CATGTAACAA CTGACATAGA TGTCCTCTCT 2880 
GTGACAGCTG GCA6AGATGG GGACGACCTG 2940 
AACCGCATCA TCCAGAGGCT GAGATCTGAG 3000 
ACAGAGAAAT GCAT6GGTTG CGGGTTGTGT 3060 
ACCATGGTCT GGGGCTCAGC CTCTGCAGAG 3120 
TCTCTGCCCA GTGTGCCAAC CTGCAAGCTG 3180 
TGGCCCTGAA GGAT6CCAGG GGCAAGCTGG 3240 
AACAGGACAT GGCCAGGCTG CTGAAGGAGT 3300 
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-40- 

ACCAGGAACT CATGAATGTC AAGCTGGCCC TG6ATGTGSA JUITTCC^ 3360 
TGCTGGAAGS AGAGGAGT6C A6GTGGGTAA CTAIATCCTC CAACCCCTGA 6GACA6CTCC 3420 
6 TTGGT6CAAG CACX6AGCAC AAGAAGGGAG CACTGACTAT GCCCACAATA GTCCCTTTAA 3480 
GAAACTOCTT GCTGT6CT6G A6AGAT6GCT CATT6TTTAA GAOCACTAAC TCCTCTTCCA 3540 
6AGTTACTGA &TTTAATTCC CAGCAACCaC CTGGT6ATTC ACAAIcATCT CTATTGAGAT 360O 

10 

CCAGTGCCCC CCTCTGGT6T GTTTGAAAAC AGCTACAGTG AACTAAAATA CATATACXAA 3660 
ATAAAGAAXA TTTTXAAACA AACSAACAAA ACSkAAACAAA CaAACAAACA ATOACCCAA 3720 
15 AACAAAACTC TA6TGGATTC TCTCT6AGCC TTCACTA6AT TGAGGCTTCC CATTCAGGCT 3780 
GAAGTCATGG CXGCCTAGTT CT<aCCT6TT 6CTTTCCTCT TGTAGGTTCA ATG^ 3840 
IGTTGGACCai GTCaAOlXCT GTAAGTACTC T6CTTGTCCG AATCCCCTTC TCCTTACTTT 3900 

20 

GTGGCTTAAT TATCTGGTCA CAGTGGOC«S ACCATCTCTG TGGWSTCCTT TTCCTCWTIC 3960 
ACAGCT6IGG TGCA6TCCAC CGTGTCCAGC GGCTATGGCA 6TGCCG66G6 TGCOWSCAGC 4020 
25 AGCTTAGGO: TGGGTGGAGG CAGCAGCTAC TCCTATAGCA GCaCCCaTGG CCT^^ 4080 
GGCTOCAGT6 CTGGCAOTOG CAGAGCCATC OCAGGTGGCC TCAGCTCTTC T6GTGGCCTC 4140 
AGCTCTTCTA CCaTOkAATA CACCa<MACC TOnJCCaGCA A6^ i200 

30 

ATTCTGTCAC CaAGAGCTtG TCTCTOCTCC CaGATGTCaT GGCTGCAOAA TC0T6TGCTC 4260 ■ 
A6AGCCCC6A GTXCAGGGGC TTCTCCTCCC TGGACCCCAC CTCTSCTCCC tTCTTGGGAC 4320 
35 TGAGGAGGCX GTGTCaTTTT GCTCAIATET CrCGTCCCCAT GGGTCCCC^^ 4380 
TTTATAGTCA TCCTGTGAGC TTACATCaCA ATTCACTCAC ATTTGGTGCT TCATGTTGTA 4440 
irraGGTTGCC AGGCTCCTGC CTCCCTACCT CTGTCTCT6A GOCTOCCTGT 6ACAGGGTGT 4500 
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TTCCGACACC TTCATTTTTG AAATCATTGT CTGGGTCCTA CTCAAGTAAT GAGCAGCTCC 4560 

CTGTGAGTTT CTAATGGCCT GAGAAACCCC ATCTCTCAAC ATCATAACCC TCCCTGTCAG 4620 
TAACTGTGAC TGCCCCGTCA CTGGTCCTGT GATGTAAGTT TCTGCTCATG TGATGTCTTT 4680 

GCTTTCCTTG ATGCTCTTGG CTTCCTTGTA ATTTCTAAAT AAAGCAGGTT TATACATAAT 4740 

AAAATTTTCC ACGTGCATTT TTTGTTGCAA TGTTTTTAAT ATAGAAATTC TGTGGCCTTG 4800 

CTAGACAAGG CATCATTACA GTTCCCTCTC CCAGGTCTAT AT6TCTTCAT CTGTTAGTAT 4860 

ATAGTTTAAA TTTAAGTTCA CATTTTAAAT TAATTTCAAT AACTTTTTAA ATAAAATAGA 4920 

ATTCCATCAA TTCCCCCCCC TTCATTTTTC ACCTGCCCAG ATGTCTTCAC TCGAAACCCT 4980 

CACCTGTTTC TCCATTTTCA AATTGAGAGT CTTTTGAGGA AGCCTATATT TCCTTCATTT 5040 

TCTTATAAAT AATTTTGTAA TGTATCCATT TCCCTTTCTT TAAAGATAAT CAACAGATGT 5100 

CAGTTCAGCG TTCCTTCCCA CATGAATTGC CTTCCTGTCA GCAAGAACAT GATCTGCAG 5159 

(2) INFORMATION FOR SEQ ID N0t4$ 

(1) SEQUENCE CHARACTERISTICS: 

(A) tiENGTHs 16 amino acids 

(B) TYPE I amino acid 

(C) STRANDEDNESSt singlo 

(D) TOPOLOGY: linear 

(ii) MOLSCOLB TYFSt peptide 
(iii) HYPOTHETICAL! NO 
(iv) ANTI-SENSE z NO 
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(xl) SEQ^nafCE OSSCRXPTIONs SSQ ZD NO! 4: 

Cys Ser^ ser Val. Lys Phe Val Ser Thr Thr Tyr Ser Gly Val Thr Arg 

1 5 . 10 15 
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What we claim is: 

A loricrin constitutive vector for efiicient expression of a nucleic acid 
sequence in epidermal cells, comprising: 

a 5' fl a nkin g region of the loricrin gene, said flanking region 
inducing a TATA box, a cap site and a first intron and intron/exon 
boundary all in appropriate sequential and positional relationship for 
expression of a nucleic acid cassette; 

a 3' flanking sequence of the loricrin gene; and 
a linker having a unique restriction endonuclease site at the 
location of the start and stop codon, said linker connecting the 5' 
flanking region to the 3' flanking sequence and said linker further 
providing a position for inserting the nucleic acid cassette. 
The loricrin constitutive vector of claim 1, wherein the 5' flanking 
region is approximately 1.5 kb, the intron is approximately 1,1 kb and 
the 3' flanking sequence is approximately 2.1 kb. 
The loricrin constitutive vector of claim 1, wherein the unique 
restriction site is selected from the group consisting of Cla I, Not I, 
Xma I andBgi 11, Pac I, Xho I, Nhe I and Sfi 1. 
The loricrin constitutive vector of claim 1, wherein the linker is a poly- 
linker, said poly-lmker including a plurality of restriction endonuclease 
sites. 

A keratin K6 inducible vector for regulated expression of a nucleic 
acid sequence in epidermal cells, comprising: 

a 5' flanking region of the keratin K6 gene, said flanking region 
including a TATA box, a cap site, a first intron and intron/exon 
boimdary sequence all in sequential and positional relationship for 
expression of a nucleic acid cassette; 

a 3' flanking sequence of the keratin K6 gene; and 
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a pobr-linker having a plvuraliiy of restriction endonuclease sites, 
said poljr-lmker connecting the 5' flanking region to the 3' flanking 
sequence and further providing a position for insertion of the nucleic 
acid cassette. 

The keratin K6 inducible vector of clami 5, wherein the 5* flanking 
region is approximately 8.0 kb and the intron and intron/exon 
boundary is approximately 0*56 kb and the 3' flanking sequence is 
approximately 1.2 kb. 

The vector according to claims 1, 4 or 5, wherein the cassette includes 
a nucleic acid sequence coding for a protein or polypeptide selected 
ftom the group consisting of a hormone, a growth fector, an enzyme, 
a clotting factor, an apolipoprotein, a receptor, a drug and a tumor 
antigen. 

The vector according to claims 4 or 5, wherein the plurality of 
restriction endonuclease sites are selected from the group consisting of 
Cla I, Not I, Xma I, U, Pac I, Xho I, Nhe I and Sfi I. 
A method for in vivo transduction of epidermal cells with a loricrin 
constitutive vector comprising the step of contacting the vector with 
epidermal cells for sufBcient time to transfect the epidermal cells. 
A method for in vivo transduction of epidermal cells with a keratin K6 
inducible vector comprising the step of contacting thfi vector with 
epidermal cells for sufficient time to transfect the epidermal cells. 
A bioreactor comprising transformed epidermal cells including the 
loricrin constitutive vector of claim 1. 

A bioreactor comprising Iransformed epidermal cells including the 
keratin K6 inducible vector of claim 5, 

The bioreactor according ta claims 11 or 12 wherein the loricrin 
constitutive vector inchides a cassette having a nucleic acid sequence 
coding for a pr tein or polypeptide selected from the group consisting 
f a hormone, a growth factor, an enzyme, a drug, a tumor suppressor. 
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a receptor, an apolipoprotein, a clotting factor a tumor antigen, a viral 
antigen, a bacterial antigen and a parasitic antigen. 
The bioreactor of claim 13, wherein the nucleic acid sequence encodes 
proinsulin or insulin. 

The bioreactor of claim 13, wherein the nucleic acid sequence encodes 
groMrth hormone. 

The bioreactor of claim 13, wherein the nucleic acid sequence encodes 
insulin-like growth factor I, insulin-like growth factor II or ipanKn 
growth factor binding protein. 

The bioreactor of claim 13, wherein the nucleic acid sequence encodes 
antihemophilic factor (Factor VIII), Christmas factor (Factor IX) or 
Factor Vn. 

The bioreactor of claim 13^ wherein the nucleic acid sequence encodes 
an epidermal growth factor (TGF-a), a dermal growth factor (PDGF) 
or an angiogenesis factor. 

The bioreactor of claim 13, wherein the nucleic acid sequence encodes 

Type IV collagen, laminin, nidogen, or l^ype Vn collagen. 

The bioreactor of claim 13 for vaccine production, wherein the cassette 

includes a protein which induces an immimological response. 

A method for ex vivo introduction of a loricrin constitutive vector into 

epidermal cells comprising the steps of co-transfecting the vector with 

a selectable marker and selecting the transformed cells. 

A method for ex vivo introduction of a keratin K6 inducible vector into 

epidermal cells comprising the steps of co-transfecting the vector with 

a selectable marker and selecting the transformed cells. 

A loricrin gene of SEQ. ID. No. 1. 

A loricrin constitutive vector having: 

a 5' flanking region comprising nucleotides 1 to 1540 of SEQ. 
ID. No. 1; 
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aninfcronandintroii/exonboundary comprisingnucleotides 1587 
tol679ofSEQ.ID.No.l; 

a 3' flankin g regiou comprising nucleotides 4384 to 6530 of 
SEQ. ID. No, l;and 

a linker to be inserted at the iinique Cla I site at nucleotides 
2700 to 2705 SEQ. ID, No, 2 
A keratin K6 gene of SEQ. ID. No. 3. 
A keratin K6 inducible vector having: 

a 5' flankin g region which ©rtends from a unique 5' Xho I site 
up to nucleotide 360 of SEQ. ID. No. 3; 

an intron and intron/exon boundary comprising nucleotides 928 
to 1494 of SEQ. m. No. 3. 

a 3' flanking region which extiends from nucleotide 4740 of 
SEQ. ID. No. 3 to a unique 3' Xho I site; and 

a poly-linker inserted between nucleotides 1504 to 1509 of SEQ. 
ID. No. 3 

A method for enhanced healing of a wound or surgical incision 
comprising the steps of in wuo transduction of epidermal cells with a 
loricrin constitutive vector, wherein said vector includes a nucleic acid 
cassette having nucleic acid sequence for a growth factor. 
A method of enhanced healing of a wound or surgical incision 
comprising the step otin wVo transduction of epidermal ceUs with a 
keratin KB inducible vector, wherein said vector includes a nucleic acid 
cassette having a nucleic acid sequence for a growth factor. 
The method according to claims 27 or 28,. wherein the epidermal cells 
are transduced with a plurality of vectors and wherein the cassette of 
at least one vector includes the nucleic acid sequence of epidermal 
growth factor (TGP-a), the cassette of at least one vector includes 
dermal growth factor (PIXjF), the cassette of at least one vector 
includes the nucleic acid sequence for a matrcc protein to anchor the 
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epidermis to the dermis and the cassette of at least one vector includes 
the nucleic acid sequence for an angiogenesis factor. 
The method of claim 29, wherein the sequence for the matrix protein 
is selected from sequences coding for a protein selected from the group 
consistiug of Type IV collagen, laminiTi, nidogen and Tjpe VII collagen. 
The method of claim 29, wherein the angiogenesis factor is selected 
from the group consisting of acid fibroblast growth factor, basic 
fibroblast growth fiactor and angiogenin. 

A method of treating skin ulcers comprising the steps of in vivo 
transduction of epidermal cells with a loricrin constitutive vector, 
wherein said vector includes a nucleic acid cassette having a nucleic 
acid sequence for a growth factor. 

A method of treating skin ulcers con^rising the steps of in vivo 
transductioB of epidermal cells with a keratin K6 inducible vector, 
wherein said vectors include a nucleic acid cassette having a nucleic 
acid sequence for a growth factor. 

The method according to claims 32 or 33, wherein the epidermal cells 
are transduced with a plurality of vectors and wherein the cassette of 
at least one vector includes the nucleic acid sequence of epidermal 
growth factor (TGF-o), the cassette of at least one vector includes 
dermal growth factor (PDGF), the cassette of at least one vector 
includes the nucleic acid sequence for a matriz protein to anchor the 
epidermis to the dermis and the cassette of at least one vector includes 
the nucleic acid sequence for an angiogenesis factor. 
The method of claim 34, wherein the sequence for the matrix protein 
is selected from sequences coding for a protein selected from the group 
consisting of Type IV collagen, laminin, nidogen, and Type VU 
collagen. 
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The method of daim 34, wherein the angiogenesis factor is selected 
from the group consisting of acid fibrohlast growth factor, basic 
fibroblast growth factor and angiogenin. 

A method of enhanced healmg of a wound, surgical incision or skin 
ulcers in hximans and animals comprismg the steps of: 

ex vivo transduction of epidermal cells with a loricrin 
constitutive vector, wherein said vector includes a nucleic acid cassette 
a nucleic acid sequence for a growth factor; and 

transplanting said transduced (epidermal cells into the anfanal or 
human to be treated. 

A method of enhanced healing of a wound, surgical incision or skin 
ulcers in. hmnans and aniwiMTa^ comprising the steps of: 

ex vivo transduction of epidermal cells with a kwatin K6 
inducible vector, wherein said vector includes a nucleic acid cassette 
having a nucleic acid sequence for a growth factor; and 

transplanting said transduced epidermal cells into the anf-mf,] or 
human to be treated. 

The method according to claims 37 or 38, wherein the epidermal cells 
are transduced with a plurality of vectors and wherein the cassette of 
at least one vector includes the nucleic acid sequence of epidermal 
growth factor (TGF-a), the cassette of at least one vector includes 
dermal growth factor (PDGF), the cassette of at least one vector 
mchides the nucleic add sequence for a matrix protein to anchor the 
epiderzius to the dermis and the cassette of at least one vector includes 
the nucleic add sequence for an angiopnesis factor. 
The method of claim 39, v^rein the sequence for the matrix protein 
is selected from sequences coding for a protein selected from the group 
consistingof'^ype IV collagen, lamfnin, nidogen and Type vn collagen. 
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The method of claim 39, wherein the angiogenesis factor is selected 
from the group consisting of acid fibroblast growth factor, basic 
fibroblast growth factor and angiogenin. 

A method for treating psoriasis comprising the step of in vivo 
transduction of epidermal cells with a loricrin constitutive vector, 
wherein said vector includes a nucleic acid cassette having a nucleic 
acid sequence coding for a protein or polypeptide selected from the 
group consisting of TGF-p, a soluble form of qrtokine receptor, and an 
antisense RNA. 

A method for treating psoriasis comprising the step of in vivo 
transduction of epidermal ceils with a keratin K6 inducible vector, 
wherein said vector includes a nucleic acid cassette having a nucleic 
acid sequence coding for a protein or potypeptide selected from the 
group consisting of TGF-p, a soluble form of cytokine receptor, and an 
antisense RNA. 

The method of claims 42 or 43 wherein the cassette contains the 
sequence for TGF-p. 

The method of claims 42 or 43 wherein the cassette contains a soluble 
form of qrtokine receptor selected from the group consisting of IL-l, 
IL-6 and IL-8. 

The method of claims 42 or 43 wherein the cassette contains antisense 
RNA to TGF-a, IL-l, IL-6 or IL-8. 

A method of treating cancer of squamous epithelia comprismg the step 
of in vivo transduction of squamous epithelia cells with a loricrin 
constitutive vector or a keratin K6 vector, said vector includes a 
nucleic acid cassette having a nucleic acid sequence coding for an 
antisense RNA. 

The method of daim 47 wherein the squamous epithelia cells are 
selected from the group of cells consisting of epidermis, oral, 
esophageal, vaginal, tracheal and corneal epithelia. 



wo 93/22431 



PCr/US93/03993 



•50- 



49. The method of claim 47 for treating skin cancer wherein transduction 
of epidermal cells is with a loricrin constitutive vector and said nucleic 
acid cassette has a nucleic acid sequence coding for an antisense RNA 
for the E6 or E7 gene of human papilloma virus. 
5 50. The method of clahn 47 for treating skin cancer wherein transduction 
of epidermal cells is with a loricrin constitutive vector and said nucleic 
acid cassette has a nucleic acid sequence coding for the normal p53 
protein- 
Si* The method of claim 47 for treating skin cancer wherein transduction 
10 of epidermal cells is with a keratin KB vector and said nucleic acid 

cassette has a nudeic acid sequence coding for an antisense I^A for 
the E6 or E7 gene of human papilloma virus. 

52. The method of claim 47 for treating skin cancer wherein transduction 
of epidermal cells is with a keratin K6 vector and said nucleic acid 

15 cassette has a nucleic acid sequence coding for the normal p53 protein. 

53. The vector according to claims 1, 4 or 5^ further includmg a Vitamin 
D regulatory element. 

54. The vector of claim 53, wherein the Vitamin D regulatory element is 
&om the human El keratin gene. 

20 55. A method for vaccination comprising the step of the in vivo 
transduction of epidermal cells with a bricrin cpnstitutive vector or a 
keratin K6 induc3}le vector, wherein said vector includes a nucleic acid 
cassette having a nucleic acid sequence coding for a protein or 
polypeptide which induces an immunological response. 

25 56. The method of claim 55, wherein the cassette includes a sequence for 
a viral capsid protein. 

57. The method of claim 56, wherein the capsid protein is from the human 
pa^)illoma virus, 

58. A transgenic animal containing the vector of claims 1, 4 or 5 in its 
30 germ and somatic cells^ wherein said vector was introduced into said 
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animal or an ancestor of said animal at an embryonic stage and the 
nucleic acid cassette of said vector is only expressed in squamous 
epithelia. 
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"Expression of Active Human Factor VIII from Recombinant 
DNA Clones," pages 330-337, see entire document. 

Nature, Volume 306, issued 08 December 1983, M Jansen et al, 
"Sequence of cDNA Encoding Human Insulin-like Growth Factor 
I Precursor," pages 609-91 1, see Figure 2. 

American Journal of Human Genetics, issued June 1989, DR 
Olsen et al, "Human Nidogen: cDNA Cloning, Cellular 
Expression, and Mapping of the Gene to Chromosome Iq43," 
pages 876-885, see Figure 2. 
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A. CLASSIFICATION OF SUBJECT MATTER: 
IPC(5): 

C12N 15/00, I5A2, 15/63. 15/64. 15/85; CI2M 3/00. 3/02, 3/04; A61K 31/70 

B. HELDS SEARCHED 
Mimmum dbcumeniation searched 
Classification System: U.S. 

435/69,1, 172.2, 1723. 240.2, 240.2t,. 284, 285, 286, 320.1; 424/93B. 93A. 88, 89, 9''- 536/ 23 5 23 51 23 7-^- 
5L4/2. 8, 12, 44; 800/2 . ' , . . -^.^i, ^w.. 

BOX IL OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as folluws: 

^- Claims 1-4, tl, 21. 23 and 24, drawn to a loricrin vector, classified in Class 435. subclass 320 I 

for example, - » « 

Claims 5-6, 12, 22, 25, and 26 drawn to a keratin K6 vector, classified in Class 435, subclass 
320.1, for example. 

Claim 9, drawn to in vivo transduction of cells with a loricrin vector, classified in Class 424. 
subclass 93B, for example. 

Claim 10, drawn to in vivo tran.sduclion of cells with a keratin K6 vector, classified in Class 424 
subclass 938, for example. 

^' Claim 27, drawn to a method of enhancing wound hcaiing with a ioricim vector, classified in Class 

424g subclass 93 B. 

Claim 28, drawn to a method of enhancing wound healing with a keratin K6 vector, classified in 
Class 424, subclass 93B. 

VIL -Claim 32. drawn to a method of treating skin ulcers with a loricrin vector, classified in Class 424 

subclass 93 B. 

VIIi: Claim 33, drawn to a method of treating skin ulcers with a keratin K6 vector, classified in Class 424 subclass 
93B. , ' 

Claim 37. drawn to methods of treament with a loricrin vector comprising ex vivo transduction and 
transplantation, classified in Class 424, subclass 93B> 

^' ^'^'"^ «^f^wn to methods of ircament with a keratin K6 vector comprising ex vivo transduction 

and transplantation, classified in Class 424, subclass 93B. 

Claim 42. drawn to an in vivo method of treating psoriasis with a loricrin vector, classified in Class 

424, subclass 93B. 

Claim 43, drawn to an in vivo method of treating psoriasis with a keratin K6^ vector, classified in 
Class 424, subclass 93 B. 

Xin. Claims 47-52,. dravm to in vivo methods of treating cancer, classified in Class 424, subclass 93B. 

Claims 55-57, drawn to in vivo methods of vaccinauon, classified in Class 424, subclass 93B. 
^* Claim 58 drawn to a transgenic animal, classified in Class 800, subclass 2. 

Claims 7, 8, 13-20 and 53-54 link inventions I and II. 

Claims 29-31 link inventions V and VI and will be examined if the required fees are paid for cither of these groups. 
Claims 34-36 link inventions Vlf and VllI and will he examined if the required fees are paid for either of these groups. 
Claims 39-41 link inventions IX and X and will be examined if the required fees are paid for either of these groups. 
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noi rpquircdto be searched by this Authority, mm^iy: 



ClalnisNos.: , ' 

becausetheyretatetopamoftheiniemationalappiicationthatrfnnnr . - 
-e«e„cthacnon,eani„«fu,i„,^^^^^^^^ 



Q CkirasNos.; 

because ihqraic dqjcndcnL ciaims and 



an. not dmfted in accordance with the second and third . 



BoxII ObserYatmns where unity of h 



of Rule 6.4(a). 




(Fonn PCT/ISA/206 PrcvbusirS^^^ '"""^^ intemaUonal appUcation. as follows: 
Please See Extra Sheet. ■ 



3. Q AsonlysomeoftheTcquinsdadditionaisefl^^^^ 

only those claims for which fees were paid, specifwally 

"Slo^f ftisintenaiional i««ch report covers 



Remark oa Protest PI Th^^AA,- r 

U ^«"^««^--hfceswe«acco.pa«edhy.hc.appWspro.c^ 
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